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Effects of Phosphorus Fertilizer and Inoculation on Yield and Nutritive Values of Grain 
and Haulm of Selected Grain Legumes in Mixed Crop-Livestock Production System of 
Ethiopia 
ABSTRACT 
A study was conducted to evaluate the effects of phosphorus fertilizer and inoculants application 
on yield and nutritional quality of grain and haulm of selected grain legumes and to assess 
farmers’ grain legumes haulm use practices and their perception on the effects of phosphorus 
fertilizer and inoculation on haulm yield and quality. The study involved field experiment and 
household survey. For the field experiment, four grain legumes (faba bean, chickpea, haricot bean 
and soybean) were subjected to four fertilizer treatments (inoculation + P fertilizer (+P+I), 
inoculation alone (-P+I), P fertilization alone (+P-I) and control i.e. no inoculation and no 
fertilizer (-P-I)) on individual farmer plots. Grain and haulm yield data were recorded and 
subsequently representative samples were collected for quality analysis in the laboratory. A semi-
structured questionnaire was administered to collect data on household characteristics. Analysis 
of variance was run in general linear model of SAS for experimental data in randomized complete 
block design and household data was analyzed using descriptive statistics of SPSS. Faba bean 
grain and haulm DM yield were significantly improved (P<0.05) due to the treatments and the 
highest mean grain yield (2.87 and 2.84 t/ha) were obtained from +P-I and +I+P treatments, 
while the maximum haulm DM yield (3.61 t/ha) was recorded in treatment +P+I. Faba bean haulm 
CP content, IVOMD and ME values of treatment +P+I, -P+I and +P-I were found to significantly 
(P<0.05) surpass the control, whereas treatment +P+I, -P+I and +P-I resulted the lowest mean 
haulm NDF, ADF and ADL content than the control. Application of rhizobium inoculants and P 
fertilizer had a highly significant effect (P<0.001) on grain yield but non-significant effect 
(P>0.05) on haulm DM yield of chickpea. The maximum mean grain yield (2.13 t/ha and 1.98 t/ha) 
of chickpea was recorded in treatment +I+P and +I-P, respectively. The haulm CP, IVOMD and 
ME contents of chickpea responded positively (P<0.05) to the treatments, but the responses of ash, 
NDF, ADF and ADL content were not significant (P>0.05). The highest mean grain (1.98 t/ha) 
and haulm DM (1.84 t/ha) yield of haricot bean was obtained from treatment +P+I. Treatment 
+P+I was also resulted into significantly high (P<0.05) haulm ash and CP contents, and IVOMD 
and ME values of haricot bean, while the same treatment (+P+I) had lower NDF and ADF 
contents than the others. In soybean, significantly maximum mean grain (2.56 and 2.46 t/ha) and 
haulm DM (3.07 and 3.23 t/ha) yield were recorded in treatments +P+I and -P+I, respectively. 
Except haulm ash content and ME value, all feed quality variables analyzed (CP, NDF, ADF, ADL 
and IVOMD) were significantly (P<0.05) affected due to the treatments in soybean. The maximum 
mean values of soybean haulm CP and IVOMD were obtained in the inoculated treatments (+P+I 
and –P+I), meanwhile treatment +P+I contained the lowest NDF, ADF and ADL. The result also 
showed that households used grain legume haulms as a source of feed (76.7%), fuel (11.4%), for 
mulching and compost making (8.8%) and income generation (3.1%). Majority of the respondents 
(62.2%) perceived that inoculation and P fertilization positively affects haulm biomass yield. The 
current results demonstrated the possibility of improving both grain and haulm yield and quality 
of faba bean, haricot bean and soybean by using rhizobium inoculants and P fertilizer. Moreover, 
regardless of haulm yield and haulm fiber contents; improvement of grain yield of chickpea is also 
possible by the use of combined rhizobium inoculants and P fertilizer. 




Livestock population of Ethiopia is estimated to be around 56.7 million cattle, 58.4 million shoats, 
9.8 millions equines, 1.7 million camels and 56.9 million chickens, excluding animals from non-
sedentary areas of the country (CSA, 2015a). The greatest concentration of these livestock 
population, except camels, is found in the mid and highland altitude areas where cultivation of a 
variety of crops and rearing of different livestock species are practiced together by smallholder 
farmers. Livestock production play very important role in the livelihood of smallholder farmers in 
the mixed crop-livestock farming system. They are main sources of draught power, nutritious 
foods, cash, and manures and have a big social value. In most cases, the livestock and crop sub-
systems have a strong interdependence and complementarities (Getachew et al., 1993a; Solomon 
et al., 2009). Generally, livestock play a crucial role both for the sustainability and intensification 
of agricultural productivity of the mixed crop-livestock production system. 
Among the constraints facing livestock production in the small scale mixed crop-livestock farming 
system, inadequate feed supplies and low quality of available feeds stands as the most important 
(Bayush et al., 2008; Belay et al., 2013; Malede and Takele, 2014). The major livestock feed 
resources in these areas are natural pasture, crop residues, stubble grazing and other agricultural 
by products (Getachew, 2002; Seyoum et al., 2001; Solomon, 2004). The role of grazing as sources 
of feed is diminishing due to continuous expansion of cropping into grazing lands (Yayneshet, 
2010). As a result, crop residues are increasingly becoming the major sources of feed for livestock 
(Bayush et al., 2008; Daniel, 1988; Malede and Takele, 2014) and contribute up to 30-80% of the 
total feed dry matter available for animals in the highland part of Ethiopia (African RISING, 2014). 
Therefore, crop residues are valuable low cost roughage sources for animals in extensive ruminant 
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production systems particularly during the long dry season of the year when green fodder is 
critically scarce. 
However, the utilization of crop residues (cereal straws and stovers and legume haulms) as an 
ultimate year round diet source are limited by their low nutritive value because of high fiber 
content, low energy and protein content, low digestibility, and seasonal availability. For instance, 
the reported value of CP content of most abundantly available crop residues in Ethiopia (Dereje et 
al., 2010: Seyoum and Zinash, 1989; Solomon et al., 2008) is lower than the critical value of 7% 
required for normal rumen microbial action and feed intake (Van Soest, 1994). On the other hand, 
availability of crop residues for utilization at a particular time of the year is markedly affected by 
the seasonal and inter-year variations in crop residue production (Williams et al., 1997). 
Dry matter yield and nutritional values of crop residues of different crops are influenced by 
genotypes and various environmental factors (Sannasgala and Jayasuria, 1987). Regardless of the 
biomass yield, grain legume haulms have relatively better nutritional values such as CP and 
metabolazable energy (ME) contents and digestibility than cereal straws and stovers (Lopeze et 
al., 2005). Crop residues of most grain legumes (pulse crops) in Ethiopia can be categorized under 
medium quality roughages depending on their CP content which range from 5% to 12% (Adugna, 
2008). Hence, grain legume haulms can be considered as a good option in ruminant feeding.   
Grain legumes are the second largest crops produced next to cereals in Ethiopia. Annually around 
1.6 million hectare of land is planted to grain legumes and more than 2.6 million metric tons of 
grain is produced (CSA, 2015b).  Moreover, it touches the lives of about 10 million smallholder 
farmer households and low income urban dwellers. In the subsistence type of farming system, 
legume crops have a great recognition as they play a big role in intensifying the productivity and 
interactions among soil, crop and livestock. But the use of legumes haulm as feeds in Ethiopia is 
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limited for two possible reasons. The first one is associated with limited annual production of the 
legume residues due to the smaller land allocation for these crops by smallholder farmers 
(Leulseged and Jemal,1989; Solomon et al., 2008) and lower straw yielding potential of these 
crops as compared to cereals (Lopez et al., 2005). Akinola et al. (2015) stated that the size of land 
used by the household has positive and significant influence on the decision to use legume crop 
residue as feeds for livestock because the quantity of crop residue produced on the farm is the main 
determinant for the intensity of use of legume haulm as livestock feed.  
The other one may be related to the efficiency of post harvest managements like storage condition. 
In Ethiopia, farmers store their crop residues dominantly in the form of traditional heaps with 
exposure to vagaries of weather condition. As compared to cereals residues grain legumes haulms 
are more susceptible to spoilage (decomposition) if exposed to adverse environmental condition 
particularly rainfall and this can cause considerable decline in nutritive value of the haulm (Alkhtib 
et al., 2014). Additionally, awareness of the farmers on the feeding value of grain legume haulms 
also can determines the extent of utilization in livestock feeding (Akilona et al., 2015).  
Currently multiple works are being undertaken by various governmental and non-governmental 
organizations to benefit smallholder farmers from legume crop production in Ethiopia, which will 
create a big opportunity to boost annual production of grain legumes with concomitant increase in 
grain legumes haulm production and availability for livestock feeding. However, most of previous 
works on development of varieties and agronomic studies were basically targeting improvement 
of grain yield without considering crop residue yield and quality. Improvement of whole plant 
values of grain legumes is possible through combined efforts of variety selection and breeding 
together with application of better agronomic practices like soil fertility nutrients supply without 
marginalizing grain yield. Study by Ibsa (2013) showed significant improvement in yield 
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performance and total haulm nitrogen and phosphorus content of chickpea due to phosphorus 
fertilizer and inoculants application, while the improvement is more prominent with combined 
application. Additionally, a remarkable increase in dry matter yield and CP content of annual 
forage legumes (vetch species) was also found due to inoculation with more effective rhizobium 
bacteria on two soil types in Ethiopia, though the crop was not grain type (Muluneh, 2006).  
Generally, it was timely to work on generating and promoting best bet agricultural technologies 
which can optimize the uses of whole plant values under smallholder farmers in Ethiopia. So far 
only limited information is available on the effect of phosphorus fertilizer and rhizobium 
inoculations on haulm dry matter yield and haulm quality of grain legumes in mixed-crop livestock 
production system of Ethiopia. Furthermore, current status of farmers’ perception on the utilization 
of grain legume residues for animal feeding and the effects of agronomic practices on haulm yield 
and quality traits was not well studied and documented. Thus, this study was initiated with the 
following objectives: 
• To evaluate effect of phosphorus fertilizer and rhizobium inoculations on grain and haulm 
dry matter yield of selected grain legumes. 
• To evaluate the nutritive values of grain and haulm of selected grain legumes grown under 
phosphorus fertilizer and rhizobium inoculation. 
• To assess farmers’ perception on the use of grain legumes’ haulm for livestock feeding and 





2. LITERATURE REVIEW 
2.1. Overview of Mixed Crop-Livestock Production System of Ethiopia 
Mixed crop-livestock farming is a predominant production system in Ethiopia and mainly found 
in altitudes ranges between 1500 and 3200 m.a.s.l (Alemayehu, 2003).  More than 60% of human 
population and nearly two thirds of the ruminant livestock population of the country are found in 
this farming system (Dejene, 2003). This production zone receives adequate rainfall and has 
moderate temperature which makes the area suitable for cultivation of various crops and rearing 
of different livestock species (Malede and Takele, 2014). Thus, a wide range of crops are grown 
and many species of livestock kept for different ends by smallholder farmers (Alemayehu, 2003). 
Accordingly, many studies had conducted in different parts of the country and revealed that mixed 
crop-livestock farming as predominant mode of agricultural activity in the highlands of the country 
(Belay et al., 2012; Dawit et al., 2012; Mergia et al., 2014; Solomon et al., 2014). 
Livestock production is an integral component in the mixed crop-livestock production system of 
Ethiopia. The two sub sectors, i.e. crops and livestock production are interdependent and 
complementary (Getachew et al., 1993a; Solomon et al., 2009). Livestock play a crucial role in 
crops cultivation through provision of draft power, organic fertilizer (manure), and cash availablity 
for purchase of agricultural inputs whereas crop provide in return inputs for livestock production 
in the form of crop residues (Getachew et al., 1993b; Powell et al., 2004).  
There are also variations in the degree of integration exist between livestock and crops (Malede 
and Takele, 2014) as well as type of crops integrated with livestock production (Fekadu, 2009). 
For instance, studies conducted in cereal dominated mixed crop-livestock farming system of Bale 
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highlands showed highly significant interaction exist between livestock holding and crop 
production (Solomon, 2004; Solomon et al., 2009). On the other hand, the integration of livestock 
with crops is lower in perennial crops-livestock system (coffee growing areas) of South Ethiopia 
where livestock have less importance (Malede and Takele, 2014). Generally, although the major 
liking elements that integrating crop and livestock sub-sectors in the mixed crop-livestock farming 
areas are crop residues and draught power. Increasing productivity of either crop or livestock alone 
is impossible without due consideration of the interaction exist between the two components (Hart 
and McDowell, 1985). 
Despite of the valuable importance’s livestock has in food security and food self sufficiency of the 
farming households and presence of huge resources potential, the current production and 
productivity of livestock in the mixed-crop system is by far below the existing potential. 
Inadequate feed availability both in quantity and quality is identified as a major bottleneck that 
constraining the productivity of livestock subsector in this farming system (Bayush et al., 2008; 
Belay et al., 2013; Gezu et al., 2014; Malede and Takele, 2014; Solomon et al., 2014).  
2.2. Major Feed Resources in Mixed Crop-Livestock Production System 
The dominantly used feed resources in the mixed crop-livestock production system of Ethiopia are 
obtained from natural pastures, crop residues and stubble grazing (Alemayehu, 1985; Mergia et 
al., 2014; Samuel, 2014; Seyoum et al., 2001; Solomon, 2004; Solomon et al., 2014). However, 
the great variability observed on the availability and quality of these feed resources has been 
remaining as a major determinant for exhaustive utilization of the resources. Intensity of crop 
production and amount and distribution of the rainfall have a big function in determining the 
availability of each types of feeds in general (Mohammed and Abate, 1995). In addition to the 
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above described feed supplies, hays, agro-industrial by products, improved forages species, and 
other non-conventional feed sources have also contributed about 7.44, 1.22, 0.30 and 4.76%, 
respectively in annual livestock feed supplies in sedentary area of the country (CSA, 2015a). The 
most commonly used feed resources in mixed crop-livestock production system of Ethiopia are 
further discussed below.   
2.2.1. Natural Pasture and Browses 
Natural pasture is grassland that is available for grazing herbivores and it dominated with native 
herbaceous plants species and some indigenous browse trees. According to Alemayehu (2004), 
natural grassland in Ethiopia was accounts for about 30.5% of the area of the country and mainly 
found in highland parts. It was also a key source of livestock feeds in Ethiopia highlands where 
more livestock and human population found (Seyoum et al., 2001). 
According to the reports of some recent assessments (Belay et al., 2012; Endale, 2015; Samuel, 
2014; Solomon et al., 2014); natural pasture remains as a major component in livestock feed 
supplies in different parts of the country where mixed crop-livestock production is a predominant 
agricultural activity. CSA (2015a) recent estimation has shown that green fodders that are obtained 
through grazing from natural pasture are contributing about 56.23% of the total annual feed 
supplies in sedentary areas of the country above ahead of the others. However, the contribution of 
natural pasture reaches this peak during a certain season of the year. 
Moreover, better quality forages was obtained from this source particularly during wet season of 
the year. The availability and quality aspect of forages from native pasture is governed by different 
factors which directly and indirectly influence species composition, i.e. climate (rainfall and 
temperature), altitude, soil and farming intensity (Alemayehu, 2004; Malede and Takele, 2014). 
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Seasonal fluctuation in the availability and quality of pastures is a common feature of Ethiopia’s 
grazing lands which results in serious feed shortage thereby affecting livestock production and 
productivity (Alemayehu, 2004; Solomon, 2004).  
The problems of natural pasture is a growing concern as the share it has in smallholder farmers 
feed supplies in mixed farming areas is drastically declining as a result of continuous expansion 
of cropping, poor management system and overstocking. For instance, study conducted to analyze 
land use change in the last 27 years in Amhara Regional State had revealed rapid shifting of grazing 
lands into arable land and 30.52% grazing land has been converted to crop field in the described 
time period (Tadesse and Solomon 2014). The same authors noticed that the remaining grassland 
has also changed into degraded grassland, degraded shrubby bush land, urban settlement, and 
eucalyptus woodland. Similarly, shrinkage of overall contribution of grazing lands for livestock 
feeding due to grazing pressure and farm land expansion into grazing areas had reported in West 
Shewa Zone due to (Seyoum and Fekede, 2003) and North Shewa zone of Ahmara Regional State 
(Ahmed, 2006). Furthermore, majority of the interviewed households (81.2%) were also reflected 
continues decrease of grazing lands due to conversation of grazing land to crop field as 
consequence of ever increasing population growth in Metekel zone (Solomon et al., 2014).  
As noted by Alemayehu (1985) losses of valuable plant species and replacement by unpalatable 
ones as a result of sever overgrazing and poor managements are core problems observed on most 
natural pastures in Ethiopia. Generally, in mixed farming areas of the country, better soils are used 
for cropping and the main permanent pasturelands are found on the upper slop of hills, seasonally 
water logged areas and broader of lands and rivers (Alemayehu, 2003).  
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2.2.2. Crop Residues   
Crop residues are the fibrous by-products obtained from the cultivation of cereals, pulses, oil 
plants, roots and tubers; and can be used as an important feed resource for ruminant production 
particularly in subsistent type of farming. Crop residues also represent the largest agricultural 
harvest and incorporate more than half of the world’s agricultural biomass (Lopez et al., 2005). 
Similarly, substantial amount of crop residues is produced annually in Ethiopia following 
cultivation of various grain crops. Smallholder farmers are used these crop by-products for 
different purposes including livestock feeding, domestic fuel, bedding material, source of income, 
as housing material and for mulching crop lands (Adugna, 2007a; Ahmed, 2006; Zinash and 
Seyoum, 1989). The most commonly used crop residues for animal feeding in Ethiopia are 
obtained after grain harvest of  barley, teff, wheat, maize, sorghum, lentil, faba bean, field pea, 
chickpea, haricot bean, etc (Endale, 2015; Solomon et al., 2008). These crop residues are either 
grazed by animals on field in situ or collected and stored for stall feeding.  
Different scholars have made an attempt to predicate annual total DM production of crop residues 
in Ethiopia. For instance, Adugna (2007a) was estimated the quantity of available cereal and pulse 
crop residues for livestock feeding in Ethiopia to be about 29.2 and 1.4 million tons in DM bases, 
respectively. Moreover, availability of different types of crop residues for livestock feeding is 
depends on multiple factors such as agro-ecology, altitude, season of the year and size of land 
allocated for different crops species by farmers etc, (Ahmed, 2006; Solomon et al., 2014). In 
association with this, Williams et al., (1997) stated that availability of crop residues at farm level 
depends not just on production level only, but also on a variety of social and economic factors. 
Therefore, land, crop and animal ownership patters, cultural practices, the use of modern crop 
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varieties and the opportunities for market and non-market exchanges are can influence a farmer’s 
access to the residues that are locally produced (Williams et al., 1997). 
Due to the decreasing role of grazing land in feed supply as a consequence of farm land expansion 
to meet the demand for food, urbanization and land uses for other purposes, the potential uses of 
crop residues as feed sources have been increasing significantly from time to time (Daniel, 1988; 
Bayush et al., 2008; Malede and Takele, 2014; Solomon et al., 2008).  Consequently, different 
studies (Bayush et al., 2008; Endale, 2015; Malede and Takele, 2014) ranked crop residues on the 
tops of all the other feed resources based on availability and contribution to the total annual dry 
matter supplies in the mixed crop-livestock farming system.  
Different researchers and development workers were made an estimate on the contribution of crop 
residues in livestock feed supply in different farming systems and areas of Ethiopia. However, 
estimates of the contribution of this feed resource vary greatly. Accordingly, the contribution of 
crop residues is estimated to reach up to 30-80% of the total dry matters available for livestock in 
highlands of the country (African RISING, 2014). Further, report of Adugna (2007a) indicated 
that almost half of (50%) the national feed supplies come from crop residues in Ethiopia. Similarly, 
assessment made in mixed crop-livestock system in Blue Nile Basin of Ethiopia was also indicated 
that the contribution of crop residue to livestock feed sourcing ranged from 58.5% to 78.2% in the 
area (Bedasa, 2012). 
The major challenges in the use of crop residues for animal feeding come from its inherent property 
of having low nutrient concentration, less nutrient digestibility and limited availability of the 
nutrients to the animals. Since, crop residues are harvested after the plant reaches physiological 
maturity, and therefore they are high in cell walls and lignin and low in nitrogen content, deficient 
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in sulfur, phosphorus and other minerals (Sundstøl and Owen, 1984). Therefore, the most 
dominantly used crop residues are characterized by the predominance of lignocelluloses cell wall 
materials (cellulose, hemicelluloses and lignin) as main components, a high content of ash and a 
low content of CP, vitamin, minerals and storage carbohydrates (Cheeke, 1999; Sundstøl and 
Owen, 1984). Consequently, crop residues particularly cereal straws fail to meet the productive 
function of livestock because of their poor nutrients profiles such are soluble carbohydrate, crude 
protein, vitamins and minerals as well as lower digestibility (Cheeke, 1999).  
There are many other factors that influence the extent of crop residues utilization in livestock 
feeding by smallholder farmers. For example, problems associated with collection, transportation, 
storage, processing and feeding can be mentioned as causes for poor utilization of crop residues as 
feed in Ethiopia (Adugna, 2007a; Ahmed, 2006). Collection and preservation of straws when the 
availability is better and application of different processing and treatment methods to improve the 
feeding value could be an option to enhance the benefits expected from crop residue in animal 
feeding (Daniel, 1988). 
2.2.3. Improved Forage Crops and Browses 
Different efforts were made in Ethiopia to study the adaptation and productivity of different forage 
species for different agro-ecologies and to adopt them to the different farming systems. As a result, 
many improved forage and browse species have been identified and recommended for different 
ecologies. The most promising pasture and fodder species under mid and highland altitudes include 
Chloris gayana, Panicum coloratum, Panicum maximum, Melinis minutiflora, Pennisetum 
purpureum, Desmodium uncinatum, Leucanea leucocephala, Lablab purpureus, Vicia species, 
Avena sativa,  Cajanus cajan, Vigna unguiculata, Sesbania spp., Chamaecytisus palmensis etc 
(Adugna, 2007a; Lulseged and Alemu, 1985).  
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Improved forages mainly legumes have appreciated benefits as they supply high quality fodders 
for livestock and maintaining soil fertility and health through their nitrogen fixing capability 
(Tilahun, 2003). Nutritional profiles especially CP, ME and in vitro DM digestibility of some 
improved browse and legume forages are comparable with oilseed cakes and these make them a 
potential supplements for poor quality roughage feeds (Dirba et al., 2013). A number of works 
have been also done on evaluation of potentiality of forage legumes as supplementary diets in poor 
quality roughages based feeding and promising results have been found in terms of production and 
reproduction performance of animals (Adugna, 2007b; Dawit, 2007). However, different improved 
fodder species and varieties are identified and recommended in Ethiopia; their contribution in 
national feed supply is very low and accounts only for 0.3% (CSA, 2015a). As lower adoption rate 
of the technologies by smallholder farmers remain as a major contributor for the minimal 
production of improved fodders in the country. In line with this, study conducted in Northeast 
Highlands of Ethiopia was revealed that only 1.3% of the total cultivated land is covered with 
improved forage seeds (Hassen, 2013). 
2.2.4. Agro-industrial by Products  
The major agro-industrial by products commonly used in Ethiopia are obtained from different 
agro-industries such as flour milling industries (wheat bran, wheat short, wheat middling and rice 
bran), edible oil extracting plants (Noug cake, cottonseed cake, peanut cake, linseed cake, sesame 
cake, sunflower cake etc), breweries and sugar factories (molasses) (Adugna, 2008; Malede and 
Takele, 2014).  
However, the nutritional qualities of these agro-industrial by products are excellent, their relative 
contribution in smallholder farmers feed supply are very minimal (Berhanu et al., 2009). This 
could be attributed by unaffordable prices of the products by most smallholder farmers, limited 
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availability of the resources and lack of enough awareness on feeding values of these feed 
resources. Thus, the availability and utilization of these feed resources are limited only around 
towns where different agro-industries are found and the beneficiaries of the products are mainly 
livestock fattening operations and urban and peri-urban dairies located in the area with better 
accessibility to the resources (Berhanu et al., 2009; Birhan, 2014). The fast growing trend of agro-
industries in different parts of the country to satisfy the growing demand for the edible main 
agricultural products is expected to create a big opportunity for the growth of agro-industrial by 
products production which can be used in livestock feeding (Yayneshet, 2010). 
2.3.  Importance of Grain Legumes as Food and Feed Sources  
Grain legumes are the second largest crops produced next to cereals based on area harvest and 
total production and grown on about 160 million hectare of arable land globally (Graham and 
Vance, 2003). Similarly, in Ethiopia around 1.56 million hectare of land (12.4% of total cultivated 
lands) planted to grain legumes annually and more than 2.67 million tons of grain (9.88% grain 
production) is produced (CSA, 2015b). An estimated 3.12 million tones of haulm could be also 
produced annually in Ethiopia by considering the 1.2 conversion factor suggested for grain 
legumes to estimate crop residues production from grain yield by FAO (1987). Thus, grain 
legumes have well recognized importance in food security and socio-economic of most Ethiopian 
households.  
In human nutrition, grain legumes are good sources of protein, vitamins and minerals as they are 
contained these nutrients in better balance. For instance, protein contents of grain legume seeds 
are estimated to 20-40% and good complements for the carbohydrate sources foods (cereals or 
root crops) in terms of amino acid composition (Gepts et al., 2005). Legume seeds contain lysine 
amino acid which is deficient in cereal seed proteins, while cereal seed proteins have good balance 
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of sulfur-containing amino acids such as methionine and cystine which are deficient in legumes 
seeds (Wang et al., 2003). Generally, the contributions of grain legumes alone in the dietary protein 
nitrogen of human needs are reach about 33% (Vance et al., 2000). The same author was noticed 
that under subsistence condition, the percentage of legume protein nitrogen in the diet of human 
can reach twice of this figure. 
On the other hand, as livestock feed shortage both in quantity and quality is increasing become the 
major bottleneck for livestock production in mixed crop-livestock dominant farming areas, 
cultivation of grain legumes can be serves as a good buffering mechanism for this constraint. The 
main components of grain legumes that are used for livestock feeding include grains, grain 
processing by products (bran and hulls) and haulms. In line with this, soybean and peanut seeds 
and meals (produced during oil extraction) are the main sources of protein in the diet of modern 
chicken and pork industries (Graham and Vance, 2003). The highest CP content of these legume 
seeds and legume seed processing by-products is attributing for the increasing interest in use of 
them as main sources of protein in the nutrition of mono-gastric animals. Grain legumes hulls that 
produced during de-hulling of the seeds using mill machine or traditional available millstone for 
human consumption is also has good CP content and can be used in livestock feeding. For example, 
CP content of faba bean hull is ranging from 12.78 to 16% (Abdi et al., 2015; Jansman et al., 
1995). Thus, it has a potential to be used as supplement in poor quality roughage based diets. 
Accordingly, importance of bean and pea hulls in feed supply for smallholder dairy producers had 
reported in Ethiopia (Belay and Greet, 2016). 
Grain legume haulms are also playing a significant role in supplying fodders for ruminant feeding 
in small scale mixed farming system. An assessment done by Alkhlib et al. (2014) in highlands 
Ethiopia demonstrated increasing trends in the use of grain legumes haulms as livestock feed by 
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smallholder farmers. In association with this, a dramatic decline of using grain legume haulms for 
soil fertility improvement practices in the mixed crop-livestock farming system had reported 
(Alkhlib et al., 2014). Similarly, area specific livestock feed technologies prioritization work done 
with the aid of TechFit tool in selected sites of Bale highlands was identified feeding home grown 
legume residues as a potential feed technology for intervention in mixed crop-livestock farming 
system of the area (Sisay et al., 2012).  
The increasing interests in using grain legume haulms in livestock feeding could be considered as 
positive response to the existing feed problem. The better nutritional value of legume haulms 
which can be described in terms of high CP, ME and digestibility values with low fiber contents 
make preferable of legume haulms than cereals (Lopez et al., 2005). In Ethiopia also various 
studies have identified better nutritional quality of different grain legumes haulms than cereals 
(Dereje et al., 2010; Yetmwork et al., 2011). However, basic problem in legumes haulms use is 
that they easily lose their leaves, and then the haulms basically constituted by stems which tend to 
lower their nutritive value.  
2.4. Biomass Yield and Nutritional Value of Grain Legume Haulm 
Grain legume haulms have already became constant components of ruminant diet in small scale 
mixed crop-livestock farming areas. Similar to other crop yield attributes, haulm DM yield of grain 
legumes is also a result of interaction between plant genetic makeup and environmental factors. 
Thus, based on plant factors, agro-ecology of the area, crop management conditions and related 
factors, variations have been observed among different reports in haulm DM yield of different 
grain legumes. According to Lulseged and Jemal (1989) haulm biomass yield of field pea and faba 
bean are 5.0 t/ha and 3.8 t/ha, respectively in Ethiopia. Likewise, haulm DM yield ranging from 
3.44 to 7.11 t/ha was obtained from study conducted on faba bean cultivars at two different sits in 
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Ethiopia (Yetmiwork et al., 2011). Furthermore, crop residues yield of grain legumes is relatively 
lower than that of cereal in most cases (Lulseged and Jemal, 1978).  
Nutritional values of feeds in general and crop residues in particulars are determined based on their 
nutrient composition, intake, and utilization efficiency of the digested DM. Different research 
findings have been reported on the nutritional value of grain legumes haulms. According to Lopez 
et al. (2005) grain legume haulms have CP and NDF contents, and DM digestibility coefficients 
of 74 gm/kg DM, 584 gm/kg DM and 0.67, respectively. In other study, CP and NDF contents 
ranging from 4.2 to 10.6% and 58.0 to 82.4% NDF, respectively and voluntary intake value of 
48gm to 77gm/kg LW0.75 were reported for grain legume haulms (Abreu and Bruno-Saores, 1998).  
Adugna (2008) also noted CP value ranging from 5 to 12% in pulse crops haulms in Ethiopia with 
associated higher ME and lower fiber fraction contents. The same author stated that haulms 
produced in Ethiopia can be categorized under medium quality roughages. Additionally, different 
scholars have studied chemical composition and nutritional values of the haulms produced from 
grain legumes used in the current study.  Results of two different studies had showed nutrient 
contents of the faba bean haulms as follow; 10.3% ash, 8.8% CP 59.2% NDF, 46.8% ADF, 13.2% 
ADL with 58.8% of in vitro DM digestibility (Solomon et al., 2008) and 94.9% DM, 6.8% Ash, 
7.7% CP, 48% NDF, 43.3% ADF, 17.9% lignin (Ermias, 2008).  
Tesfaye and Musimba (2003) had reported 91.5% OM, 5.4% CP, 69.2% NDF, 56.5% ADF, and 
8.3% ADL with DE and ME content of 2.4 and 2.0 Kcal/g DM, respectively in haricot bean 
haulms. Finding of the same study was showed digestibility coefficient of the nutrients in haricot 
bean haulms as follow; 53.0% DM, 55.0% OM, 26.6% CP, 49.2% NDF and 47.1% ADF.  Study 
conducted to determined chemical composition and rumen degradability characteristics of soybean 
haulms had also figured out value of 89.18, 5.10, 2.85, 96.90, 80.80, 63.20 and 13.00% for DM, 
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CP, EE, OM, NDF, ADF and ADL contents, respectively and rumen degradability of DM and OM 
of this haulms was very low, although it has better rumen degradable CP (Maheri-Sis et al., 2011). 
Nutritional values of chickpea haulms was also studied by Golshani et al. (2012) and chemical 
composition of 6.1% CP, 5.5% EE, 34.3% CF and 46.2% NFE were reported. In the mean time, 
degradability kinetics of chickpea haulms was evaluated; and the result showed soluble fraction 
(a) of OM (17.5%) and CP (40.8%) and potential degradability (a+b) of OM (56.7%) and CP 
(72.0%) (Golshani et al., 2012).  
2.5. Factor Affecting Biomass Yield and Nutritional Value of Grain Legume Haulm  
Haulm biomass yield and quality characteristics of different crops are under influence of various 
factors. Genetic makeup, crop growing and harvesting condition, soil, temperature, threshing and 
storage methods all can influence dry matter yield, chemical composition and palatability of crop 
residues (Daniel, 1988; Reddy et al., 2003). Effect of species and varietal difference and 
application of fertilizers on haulm biomass yield and quality are discussed below. 
2.5.1. Effect of Species and Varietal Difference on Yield and Quality of Haulm  
The variability comes due to species and varietal differences of the crops are a result of genetic 
makeup of the given plants. Thus, beyond the remarkable differences observed in yield and quality 
attributes of crop residues from crops of different botanical families such as cereals versus 
legumes, crop species of the same botanical families have show a big variation in terms of yield 
and quality related traits (Leulseged and Jemal, 1989; Lopez et al., 2005).  
Nutritional value, i.e. CP, ME and in vitro DM digestibility of 5.0 - 9.7%, 6.1 -7.1MJ/kg DM and 
45.1 to 55.3 %, respectively were noticed for chickpea and field pea haulms (Abreu and Bruno-
Saores, 1998). Study conducted to predict nutritional value of common crop residues with NIRS 
18 
 
in Ethiopia also showed big variations in chemical composition and in vitro OM digestibility 
among haulms of different species of pulse crops (Dereje et al., 2010). Similarly, Solomon et al. 
(2008) had demonstrated differences in ash, CP and fiber fraction contents as well as in vitro DM 
digestibility between field pea and faba bean haulms. Research conducted on crop residues of three 
beans species (Phaseolus Vulgaris L., Phaseolus Calcaratus and Phaseolus Vulgaris var) was also 
showed noticeable difference among the three species with the mean CP content of 7.57%, 7.61% 
and 8.01% and CF content of 29.6%, 28.2% and 27.4% in Phaseolus Vulgaris L., Phaseolus 
Calcaratus  and Phaseolus Vulgaris var haulms, respectively (Karami, 2015). According to the 
same finding, total mean DM and OM digestibility of Phaseolus Vulgaris L., Phaseolus 
Calcaratus and Phaseolus Vulgaris var haulms were 66.7%, 65.9% and 69.6%; and 54.9%, 55.3% 
and 58.6%, respectively. 
Cultivar differences are also the main sources of variation in yield and quality of grain legume 
haulms. The experiment conducted by Yetimwork et al. (2011) to evaluated the effect of varietal 
difference of faba bean on haulms dry matter yield and nutritional values the residues has showed 
a significant variability in most parameters studied including yield traits (grain yield, straw yield 
and harvest index).  Another study on faba bean cultivars found, significantly highest (5.1 t/ha) 
and lowest (3.3 t/ha) haulms dry matter yield in improved (Mosisa) and local varieties, respectively 
(Teklu, 2016). Significant variations have bean also reported in chemical composition and 
digestibility of faba bean haulms (Teklu, 2016; Yetimwork et al., 2011) and chickpea haulms 
(Tena, 2016) due to cultivar difference in Ethiopia. For instance, from the five faba bean varieties 
evaluated by Teklu (2016); the lower mean CP (4.3%), ME (6.5 MJ/kg DM), and TIVOMD 
(45.1%) was noted in Shallo variety than that of local variety (CP 6.2%, ME 9.2MJ/kg DM and 
TIVOMD 62.6%). Generally, possibility of incorporating straw traits in crop variety development 
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programs without marginalizing grain parameters have been demonstrated with the studies 
conducted on various grain crops so far in Ethiopia (Adugna et al., 1999; Diriba et al., 2011; Tena, 
2016; Yetmiwork et al., 2011).  
2.5.2. Effect of Soil Fertility Inputs on Yield and Quality of Grain Legume Haulm 
Nutrient availabilities are among the major determinants of crop productivity in all cases, because 
plants require balanced amount of all essential nutrients for their normal physiological process that 
facilitate optimum growth and then final yield performance. Therefore, any crop management 
practices including fertilizer applications applied with an objective to increasing grain yields could 
be result in higher yield of crop residues also, because all yield components of any crops are a 
function of active vegetation growth which can be altered with different nutrient management 
activities (Leulseged and Jemal, 1989). 
According to Asnakew et al. (1991) deficiency of nutrients especially N and P is a characteristic 
of most soils in Ethiopia and application of fertilizers to overcome these has showed significant 
increase in yield. On the other hand, low soil P availability and poor utilization efficiency of added 
P was reported as a major constraint limiting productivity of most grain legumes (Aulakh et al., 
2003). Nitrogen is an essential nutrient for normal plant growth and development as it has a direct 
roles in biochemical, physiological and morphological process of plant production (Novoa and 
Loomis, 1981). Unlike cereal crops, legume crops have a capacity to fix atmospheric N2 through 
the symbiotic association exist between soil microbes (Rhizobium bacteria) and their nodules 
(Giller, 2001). Thus, biological nitrogen fixation (BNF) is a natural cycle that is available for 
solving the problem of N deficiency in agricultural systems. According to Peoples et al. (1995) 
the contribution of BNF to the nitrogen cycle is under control of many factors as it can be altered 
through manipulation of various nutritional, biological, physical and environmental factors. 
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Therefore, effectiveness of BNF capacity of legume crops can be controlled through different 
management approaches like applications of P fertilizer and inoculations of crop seeds with more 
effective strains of rhizobium bacteria. Furthermore, the two components have a big interaction 
effect, because soil P deficiency is among the factors which can affect BNF efficiency of legume 
crops through its effects of root infection, nodule development and function, and plant growth 
(Giller, 2001; Yakubu et al., 2010).  
In research system, substantial numbers of experiments have been conducted to evaluate the effects 
of different nutrient source fertilizers including P and inoculants application separately and in 
combination on various legume crops with primary goal of grain traits improvement. Study 
conducted with an objective to evaluate effect of S and P source fertilizer on yield and yield 
contributing parameters of pigeon pea was showed a significant increment in haulm yields, and 
the maximum haulm yield (4.12 t/ha)  was obtained with combined application of 20 kg S/ha with 
50 kg P2O5/ha (Deshbhratar et al., 2010). Field experiment conducted on soybean using inorganic 
and organic fertilizer also demonstrated variation in straw yield of the crop during two different 
cropping season, while significantly higher haulm yield of 5.31 t/ha harvested with application of 
NPK followed by urea (5.13 t/ha), compost (4.31 t/ha) and control (4.29 t/ha) in second year 
(Yagoub et al., 2012).  
Study done by Ibsa (2013) had demonstrated a significant improvement obtained in chickpea due 
to P and inoculants application and the improvement was more prominent with combined 
application of phosphorus and inoculants. The same study was also illustrated an increase of 
haulms N content by 56% and 82% due to inoculation and phosphorus-inoculation treatments, 
respectively compared to the control. Another important mineral (P) content of feeds was also 
showed significant improvement in the chickpea haulm with higher mean value of 567mg/kg and 
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334mg/kg in sole P and combined P with inoculants supplied treatments, respectively (Ibsa, 2013). 
Significant improvement attended in haulms yield and other economically important traits and 
nutrient contents of haulms in chickpea at different level of P fertilizer application was discussed 
in detail in the literatures reviewed by Dataniya et al. (2014). 
Similarly, Tagore et al. (2013) find out the effects of rhizobium and phosphate solubilizing 
bacterial (PSB) inoculants on symbiotic traits, nodule leghemoglobin, and yield of chickpea. Their 
study revealed significant increase in grain and haulm yields due to microbial inoculation and the 
highest mean grain and haulms yield (2150 kg/ha and 2461Kg/ha) were obtained in inoculation of 
chickpea seed with Rhizobium + PSB. Experiment carried out by Bozorgi et al. (2011) to see the 
effects of biological and mineral fertilization and foliar zinc spraying on yield and yield 
components of faba bean had demonstrated significant increment in yield and yield contributing 
traits of the crops. Accordingly, maximum haulms yield was obtained at 60 kg/ha pure N treatment 
(Bozorgi et al., 2011). This study was showed significant interaction effect between N fertilization 
and foliar zinc spraying on the yield and yield related attributes of faba bean. Marked increment 
of grain and haulms yield of faba bean was also reported with the application of mineral P fertilizer 
with phosphorus dissolving bacteria (PDB) by Gizawy and Mehasen (2009).  
In addition to grain crops, efforts were also made on evaluation of forage legumes responses to 
various nutrient sources fertilizers with emphasis on yield (DM and seed) and nutritional quality. 
Mohamed-saleem and Kaufmann (1985) had reported significant effects of P supply on DM yield, 
CP content, P concentration and digestibility of forage legumes. Similarly, significant 
improvement had obtained in DM yield and CP content of annual forage legumes in central 
highlands of Ethiopia due to seed inoculation with effective Rhizobium bacteria (Muluneh, 2006). 
The same finding showed that DM yield increment of inoculated vetch species over uninoculated 
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treatments of the same species was 20.55%, 29.30%, 21.10 % and 33.56% for V. dasycarpa, V. 
villosa, V. narbonensis and V. sativa, respectively at Holleta (Nitisols).Whereas the increment 
reached up to 27.27%, 9.8%, 16.1% and 40.00 % for V. dasycarpa, V. villosa, V. narbonensis and 
V. sativa, respectively at Ginchi (Vertisols).  
Overall, although some information available on the effect of both mineral and biological 
fertilizers application on crop residue yields of grain crops in general and grain legumes in 
particular. Limited information is available on the responses of grain legumes to the application of 
different fertilizers in terms of straw quality. This shows low attention given for the straw traits in 
most crop improvement programs. In the mixed crop-livestock farming systems where both crops 
and livestock have valuable importance for livelihood of the farming communities; improvement 




3. MATERIAL AND METHODS 
3.1. Description of the Study Area  
The study was conducted in selected districts that have been used by N2-Africa project as pilot 
implementation sites throughout the country. Four regional states (Amhara, Oromia, Benishangul-
Gumz, and Southern Nations, Nationalities and People) were represented with different number of 
districts. These districts were further grouped under different clusters and tagged with different 
grain legumes based on the potential of the areas for the study (Table 1). 
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Table 1: Summary of N2-Africa project target districts with target crops and national 
collaborating research partners 
Partnership 
Clusters  
Partners Target Districts  Target Crops  
North  ARARI Enemay, Farta and Yilmana-
densa, Gonder Zuria, Dembia 
Chickpea and Faba Bean 
Central EIAR Ada'a, and Gimbichu Chickpea 
Pawe EIAR Dibate, Pawe and Mandura Soybean and Haricot bean 
Jimma EIAR Kersa and Tiroafeta Soybean 
South  HwU and 
EIAR 
Boricha, Damot-Gale, Halaba, 
Soddo-zuria and Shalla 
Haricot Bean and 
Chickpea 
Chewaka OARI Bako-Tibe,  Dano, Gobu-Sayo, 
Illu-Gelan, and Wayu-Tuka 
Soybean and Haricot bean 
Southeast  OARI Agarfa, Goba, Sinana and 
Ginir 
Faba Bean and Chickpea 
 
As these study districts were selected from different parts of the country and locations their agro-
ecological condition also differed. Agro-ecological zone of the country is shown in Figure 1. Most 
of the study districts are found in agro-ecological zone of Derived Savannas, while only few 
numbers of districts considered from Southern Guinea Savanna, Northern Guinea Savanna and 
Humid Forest agro-ecological zones (Figure 1). 
In general, these different locations from various agro-ecological zones are also different in soil 
type, temperature, rainfall, humidity and light intensity which are the major determinants for the 
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type of crop species distributed and/or grown in the respective areas. Thus, districts used in current 
study are representing subsistence based small scale mixed crop-livestock farming system in which 
livestock production is integrated with cultivation of different crops. Overall, good annual rainfall 
distribution and temperature make these areas favorable for production of different crops by 
farmers. Altitude, mean annual rainfall and mean annual temperature of the study districts are 
summarized in Table 2. 
 
Figure 1: Map of N2 -Africa Target Districts with Agro-ecological Zone Classification 
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Table 2: Altitude, annual mean rainfall and temperature profiles of the study districts  
District Altitude (m.a.s.l) Rainfall (mm) Temperature (0C) 
Ada’a 1500-2250  877.2 12.35-26.55 
Agarfa 1250-3855 800 17.5 
Bako-tibe 1500-2872 - 9-31 
Boricha 1250-2000 500-1242 10-25 
Damot Gale 1900 1200-1300 11 – 26 
Dibatie 1200 - - 
Farta 1920-4235 1250-1599 9-25 
Gimbichu 2400 902 - 
Ginir 1976 1300 18-27 
Halaba 1554-2149 857-1085 17-20 
Pawe 1120 - - 
Shalla 1000-2300 1000 15-25 
Sinana 2000-2500 900-1150 15-18 
Sodo -zuria 1950-2400 1225 13-26 
Yilmana Densa 2240 1000.54 - 
Tiroafeta 1640-2800  - - 
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3.2. Crop Types and Experimental Treatments 
Improved varieties of four grain legumes, namely faba bean (Vicia faba), chickpea (Cicer 
arietinum), soybean (Glycine max) and haricot bean (Phaseolus vulgaris) which are already grown 
in the areas were used. The experimental treatments included control (without inputs, -P-I), 
separate applications of phosphorus fertilizer (+P-I) and inoculants (-P+I), and combined 
application of phosphorus fertilizer and inoculants (+P+I) for each crop species. Hence, there were 
four treatments for each respective crop as arranged below. 
Experimental Treatments 
• T1: DAP or NPS fertilizer application and rhizobium inoculation (+P+I) 
• T2: Rhizobium inoculation only (-P+I) 
• T3:  DAP or NPS fertilizer application only (+P-I) 
• T4: Without inputs/control (-P-I) 
3.3. Crop Establishment and Management  
This study was applied on the crops established on selected farmers’ plots in 2015/16 main 
cropping season for the demonstration of best bet grain legumes technologies across all locations. 
Accordingly faba bean, chickpea, haricot bean and soybean were established on 20, 12, 26 and 17 
selected farms, respectively. The crops were established on well prepared plots of lands. All 
treatments were applied on all farmers plot without replication. The plot size was 100m2 per 
treatment with one meter walking space between each treatment plots. The seed was sown to the 
experimental plots using row planting method. Recommended seed rate for each respective crop 
under a given area was used for planting, while for treatments of sole P fertilizer and inoculated-
phosphorus fertilizer plots, DAP/NPS was applied at a rate of 50 kg per hectare. 
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For inoculated treatments, seed of faba bean, chickpea, haricot bean and soybean were inoculated 
with HB-1035, CP-39, HB-429 and MAR-1495 rhizobium strains respectively using the 
recommended procedures and rates by producers/manufacturer. In all cases, uninoculated seed was 
sown first and followed by the inoculated seeds to avoid cross contamination and the inoculated 
seeds were planted on the same day they have been inoculated. Moreover, all other crop husbandry 
practices were done by farmers under close supervision of the researchers and development 
workers until the crops reach physiological maturity for grain harvesting. 
3.4. Harvesting, Sample Collection and Yield Determination 
At appropriate stage of physiological maturity of the crops for grain harvesting, plants from entire 
plot area were harvested manually using sickles and total above ground biomass yield was 
recorded for each plot. Then, the harvested plants were threshed separately for each plot to 
separated grain from haulms, and the grain yield was measured. Furthermore, the haulm weight 
was determined by subtracting weight of grain from the total above ground biomass weight. In the 
mean time, representative samples of grain (100-200gm) and whole plant haulm composed of 
stems, leaf and pod husks (500-1000gm) were collected into sample bags for each plot separately 
and labeled with all necessary information.  
3.5. Estimation of Haulm Dry Matter Yield and Harvest Index  
Haulm dry matter yield (HDMY) was estimated according to the formula developed by Tarawalie 
et al. (1995) by using above ground total biomass and grain yield data.  Dry matter (DM %) used 
for HDMY estimation was determined using NIRS prediction. Harvest index (HI) was calculated 





𝑫𝑴% ∗ 𝑻𝑭𝑾     
𝟏𝟎𝟎
                                               
Where: HDMY=Haulm dry matter yield, TFW= total fresh weight of the haulm, DM %= dry 




            
Where: HI=harvest index, GY=grain yield, TBMY=total above ground biomass yield  
3.6. Laboratory Analysis of Grain and Haulm Samples 
Collected grain and haulm samples were transported to ILRI Animal Nutrition Laboratory, Addis 
Abeba for laboratory analysis. The samples were given laboratory number and ground to 1mm 
mesh size using Wiley mill and packed into paper bags and stored pending to further laboratory 
works. Near Infrared Reflectance Spectroscopy (NIRS) prediction were employed for the analysis 
of the intended nutritional value variables of both grain and haulm samples.  
Accordingly, haulm samples were scanned for predication of DM (%), Ash (%), N (%), ME 
(MJ/kg DM), IVOMD(%),and fiber fractions (NDF%, ADF% and ADL%) contents, while in grain 
samples the scanning was done  for the predication of DM (%), Ash (%), CP (%), ME (MJ/kg), 
IVOMD (%), and essential amino acid contents of the grain. Crude protein (CP %) of grain and 
haulm samples were determined by multiplying N content of the samples with the value of 6.25. 
For scanning purpose, already ground sample was dried overnight at 600C in oven to standardize 
the moisture conditions. Then, the partially dried sample was filled into NIRS cup and scanned 
using Foss NIRS 5000 with software package WinISI II in the 1108-2492nm spectra ranges (Win 
Scan version 1.5, 2000, intrasoft international, L.L.C). Finally, NIRS scanned information of the 
haulm and grain samples were used for the prediction of the above mentioned nutritional value 
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variables, using predictive equations developed based on previously conducted conventional 
analyses.  
3.7. Selection of Survey Districts and Household Data Collection 
After crop harvest, three districts (Sinana, Damot-Gale and Ada’a) were selected purposively 
based on their accessibility and intensity of crop production for the survey purpose from basket of 
N2-Africa project target districts. Then, single-visit survey was carried out to assess farmers’ grain 
legume haulm utilization practices and their perception of the effects of P fertilizer and rhizobium 
inoculation on the haulm yield and quality using semi-structured questionnaires. Accordingly, 28 
households from each of Ada’a and Sinana districts, and 34 households from Damot-Gale district 
were considered for the collection of household data. Then, the selected households were 
interviewed individually. 
During the survey, information was mainly gathered on livestock holding, total landholding and 
land use pattern, type of grain legumes grown in earlier year, household level uses of legume 
haulms, method of straw collection, treatment, storage and feeding to animals, their perception on 
the effect of P fertilizer and rhizobium inoculants on yield and quality the haulms, trends in use of 
grain legume haulms for livestock feeding, limitations of using legume haulm for livestock 
feeding.  
3.8. Statistical Analysis 
Household survey data was analyzed using Statistical Package for Social Science (SPSS, Ver.16). 
Percentage, mean and standard error were calculated for the survey data. Further, data on livestock 
and land holding and land use pattern of the surveyed households were subjected to general linear 
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model (GLM) of SPSS for analysis of variance. Yield and laboratory result data were checked for 
compliance of homogeneity of variances in Minitab software using Levene’s test prior to actual 
analysis of the variance (Levene, 1960). Then, combined analyses of variance (ANOVA) was 
performed using general linear model (GLM) procedure of SAS 9.1 in random complete block 
design (RCBD) considering farms as block factor. P value of <0.05 was used to declare 
significance effects of the treatment. In case of significant difference in means, Duncan Multiple 
Range Test was used to locate mean separation.  Effect of treatment, location and the interaction 
between treatment and location were included in the statistical model for yield and quality data. 
Thus, the following model was used: 
Yijk = μ + Ti+Lj+ TLij+Fk(j)+ eijk,  
Where; Yijk = Quantity and quality attributes of the crops 
                μ = overall mean  
               Ti = the effect of treatment i  
               Lj= the effect of location j  
               TLij = the effect of interaction of treatments i and location j 
               Fk(j) = the effect of farm (block) k
 in location j 







4. RESULTS  
4.1. Effects of the Rhizobium Inoculation and Phosphorus Fertilizer on Yield and 
Yield Components of Grain Legumes 
Faba bean, chickpea, soybean and haricot bean were grown on-farm during main cropping season 
of 2015/16 to evaluate their responses to the soil fertility treatments which include seed inoculation 
with rhizobium bacteria and application of P fertilizer alone and in combination. The effects of 
rhizobium inoculation and P fertilizer application on grain and haulm yield as well as harvest index 
of the four grain legumes is presented and discussed below. 
4.1.1. Grain Yield and Haulm Yield and Harvest Index of Faba Bean   
The mean grain yield, haulm DM yield and harvest index of faba bean grown under different soil 
fertility treatments are presented in Table 3. There was significant effect (P<0.05) of the treatments 
on the grain and haulm DM yield of faba bean in the present study. However, the interaction effect 
of treatment with location was not significant (P>0.05) in all studied yield parameters (Appendix 
Table 1).  
The highest mean grain yield of faba bean (2.87 t/ha) was obtained with treatment +P+I followed 
by treatment +P-I (2.84 t/ha) (Table 3). Similarly, significant improvement was observed in haulm 
DM yield of faba bean (3.61 t/ha) due to combined application of rhizobium inoculants and P 
fertilizer (Table 3). On the other hand, haulm DM yield of the remaining three treatments (-P+I, 
+P-I and -P-I) showed only numerical differences (P>0.05). In contrast to grain and haulm DM 
yield, harvest index of faba bean was not significantly affected (P>0.05) by the treatments. Harvest 
index of faba bean ranged between 0.42 and 0.46 (Table 3).  
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Table 3: Mean grain and haulm yield and harvest index of faba bean as affected by 
rhizobium inoculation and P fertilizer  
Parameters  Treatments SEM SL 
 
+P+I -P+I +P-I -P-I 
GY (t/ha) 2.87a 2.55b 2.84a 2.65ab 0.38 * 
HDMY (t/ha) 3.61a 3.00b 2.95b 2.85b 0.77 * 
HI 0.42 0.44 0.46 0.46 0.70 ns 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, GY: grain yield. HDMY: haulm dry matter yield, HI: harvest index, SEM: 
Standard error of mean, SL: significance level, ns: not significant 
4.1.2. Grain Yield and Haulm Yield and Harvest Index of Chickpea 
The mean grain yield, haulm DM yield and harvest index of chickpea grown under rhizobium 
inoculation and P fertilizer application are presented in Table 4. The soil fertility treatments were 
found to significantly affect (P<0.05) grain yield and harvest index of chickpea. But analysis of 
variance showed that all studied yield parameters in chickpea were not significantly (P>0.05) 
affected by the interaction of treatment by location (Appendix Table 2). The mean grain yields of 
treatment +P+I and -P+I were significantly higher (P<0.05) than that of the control and +P-I 
treatments (Table 4). The haulm DM yield of chickpea varied between 2.25 t/ha (control) to 2.47 
t/ha (treatment -P+I) but the difference among the treatments were not significant (P>0.05). The 
harvest index was highest (0.46) in treatment +P+I, while the lowest value (0.40) was obtained in 
the two uninoculated treatments (Table 4). 
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Table 4: mean grain and haulm yield and harvest index of chickpea as affected by 
rhizobium inoculation and P fertilizer 
Parameters    Treatments SEM SL 
 
+P+I -P+I +P-I -P-I 
GY (t/ha) 2.13a 1.98a 1.65b 1.50b 0.26 *** 
HDMY (t/ha) 2.44 2.47 2.30 2.25 0.39 Ns 
HI 0.46a 0.42ab 0.40b 0.40b 0.07 * 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, GY: grain yield. HDMY: haulm dry matter yield, HI: harvest index, SEM: 
Standard error of mean, SL: significance level, ns: not significant 
4.1.3. Grain Yield and Haulm Yield and Harvest Index of Haricot Bean   
Table 5 shows the mean grain yield and haulm DM yield as well as harvest index of haricot bean. 
The yield parameters (grain and haulm DM yield and harvest index) of haricot bean were 
significantly influenced (P<0.05) by the application of rhizobium inoculants and P fertilizer. 
Analysis of variance also revealed significant interaction effect (P<0.05) of treatment by location 
on haricot bean yield parameters (Appendix Table 3).  
Grain yield of haricot bean showed increasing trend with application of the soil fertility treatments, 
although the improvement attended in the case of separate applications of the inputs (treatment -
P+I and +P-I) was not significant (P>0.05) over the control treatment (-P-I). Accordingly, the 
highest mean grain yield (1.98 t/ha) was recorded in the +P+I treatment, whereas the lowest value 
(1.60 t/ha) was recorded in the control (Table 5). The haulm DM yield was higher (P<0.05) in the 
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+P+I treatment than the single input supplied treatments but was not significantly different from 
the control.  Harvest index calculated for haricot bean also revealed the presence of significant 
variations among the treatments (P<0.05) and the highest (0.52) and lowest (0.47) values of harvest 
index were obtained in sole P fertilized (+P-I) and control treatments, respectively. 
Table 5: Mean grain and haulm yield and harvest index of haricot bean as affected by 
rhizobium inoculation and P fertilizer  
Parameters   Treatments SEM LS 
 
+P+I -P+I +P-I -P-I 
GY (t/ha) 1.98a 1.80ab 1.74ab 1.60b 0.43 * 
HDMY (t/ha) 1.84a 1.55b 1.54b 1.62ab 0.35 * 
HI 0.50ab 0.51ab 0.52a 0.47b 0.06 * 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, GY: grain yield. HDMY: haulm dry matter yield, HI: harvest index, SEM: 
Standard error of mean, SL: significance level 
4.1.4. Grain Yield and Haulm Yield and Harvest Index of Soybean 
The mean grain yield, haulm DM yield and harvest index of soybean are presented in Table 6. 
Analysis of variance showed that yield parameters of soybean significantly responded (P<0.05) to 
the treatments with increasing in grain and haulm DM yield compared to the control. On the other 
hand, there was non-significant interaction effect (P>0.05) between treatment and location on yield 
parameters of soybean (Appendix Table 4). The maximum mean grain yield (2.56 t/ha) of soybean 
was obtained from the treatment +P+I, followed by -P+I (2.46 t/ha) and +P-I (2.10 t/ha) treatments 
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(Table 6). Meanwhile, grain yield harvested from control treatment (1.75 t/ha) was significantly 
lower than the two inoculated treatments but in par with treatment +P-I (Table 6).  
Table 6: Mean grain and haulm yield and harvest index of soybean as affected by 
rhizobium inoculation and P fertilizer  
Parameters  Treatments SEM SL  
 
+P+I -P+I +P-I -P-I 
GY (t/ha) 2.56a  2.46a  2.10ab  1.75b  0.79 * 
HDMY (t/ha) 3.07a  3.23a  2.32b  2.12b  0.25 ** 
HI 0.50 0.48 0.52 0.50 0.11 ns 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, GY: grain yield. HDMY: haulm dry matter yield, HI: harvest index, SEM: 
Standard error of mean, SL: significance level, ns: not significant 
The effect of rhizobium inoculation was more prominent than P fertilizer supply in both grain and 
haulm DM yield of soybean. The highest mean haulm DM yields (3.23 t/ha and 3.07t/ha) were 
obtained from the inoculated treatments (-P+I and +P+I). Haulm DM yields of the two 
uninoculated treatments (+P-I= 2.32 t/ha and -P-I=2.12 t/ha) were not significantly different (Table 
6). On the other hand, no significant effects were observed among the different treatments in 
harvest index of soybean (Table 6). 
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4.2. Effects of Rhizobium Inoculation and Phosphorus Fertilizer on Nutritional 
Values of Grain Legume Haulm 
4.2.1. Nutritional Values of Faba Bean Haulm 
The effects of rhizobium inoculants and P fertilizer on chemical composition, in vitro organic 
matter digestibility (IVOMD) and metabolizable energy (ME) values of faba bean haulm are 
shown in Table 7. Analysis of variance done on haulm quality revealed significant difference 
(P<0.05) among the treatments in all studied parameters except the ash content. Moreover, except 
the CP content of the haulm, the remaining parameters were not significantly affected by the 
interaction between treatment and location (Appendix Table 5).  
The mean ash (%) content of faba bean haulm obtained in the current study ranged from 6.91% in 
control treatment (-P-I) to 7.78% in treatment +P-I but the ash content was not significantly varied 
across the treatments (Table 7). The results showed that application of soil fertility treatments had 
a significant positive influence (P<0.05) on CP (%) content of faba bean haulm. As a consequence, 
the CP content was higher in input supplied treatments (+P+I, -P+I and +P-I) compared with the 
control treatment (-P-I) and the values were similar among the input supplied treatments (Table 
7).  
The application of rhizobium inoculants and P fertilizer had significant negative effects (P<0.05) 
on haulm NDF, ADF and ADL contents of faba bean. Thus, control treatment (-P-I) contained 
significantly higher mean NDF, ADF and ADL values than the remaining treatments (Table 12). 
There was no significant differences among the input supplied treatments (+P+I, -I+P and +P-I) in 
NDF, ADF and ADL contents of the haulm. The IVOMD (%) and ME (MJ/kg DM) values of faba 
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bean haulm were significantly lower (P<0.05) in the control than in the different soil fertility 
treatments supplied groups (Table 7).  
Table 7: Mean nutritional values of faba bean haulm as affected by rhizobium inoculation 
and P fertilizer  
Parameters  Treatment SEM SL 
+P+I -P+I +P-I -P-I 
DM (%) 90.07 90.06 90.05 90.28 0.19 * 
 Ash (%DM) 7.64 7.67 7.78 6.91 1.28 ns 
CP (%DM) 6.52a 6.45a 6.38a 5.25b 1.01 * 
 NDF (%DM) 64.93b 64.85b 64.75b 70.53a 4.76 * 
ADF (%DM) 58.91b 58.64b 58.56b 64.15a 4.68 * 
 ADL (%DM) 12.66b 12.48b 12.61b 13.46a 0.88 * 
 IVOMD (%DM)  46.99a 46.44a 46.65a 42.99b 3.69 * 
 ME (MJ/Kg DM)  6.85a 6.77a 6.81a 6.29b 0.51 * 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid 
detergent fiber, ADL: acid detergent lignin, IVOMD: in vitro organic matter digestibility, ME: 
metabolisable energy, SEM: Standard error of mean, SL: significance level, ns: not significant 
4.2.2. Nutritional Values of Chickpea Haulm 
Haulm chemical composition, IVOMD and ME values of chickpea are given in Table 8. Analysis 
of variance revealed that the CP and ME contents and IVOMD value of chickpea haulm were 
significantly improved (P<0.05) with the applications of rhizobium inoculants and P fertilizer. No 
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significant differences (P>0.05) were observed in ash, NDF, ADF and ADL contents of the haulm 
among the different treatments. The result also showed highly significant (P<0.001) interaction 
effect of treatment by location on haulm CP content of chickpea (Appendix Table 6).  
Table 8: Mean nutritional values of chickpea haulm as affected by rhizobium inoculation 
and P fertilizer  
Parameters  Treatment SEM SL 
+P+I -P+I +P-I -P-I 
DM (%) 90.57 90.57 90.56 90.54 0.23 ns 
Ash (%DM) 6.78 6.90 6.58 6.73 1.04 ns 
CP (%DM) 4.32a 3.66b 3.60b 3.31c 0.48 *** 
NDF (%DM) 62.1 62.95 63.53 63.22 2.94 ns 
ADF (%DM) 49.16 50.54 50.84 50.76 2.73 ns 
ADL (%DM) 10.93 10.91 11.11 11.04 0.59 ns 
IVOMD (%DM) 47.67a 46.51ab 45.81b 45.90b 2.33 ** 
ME (MJ/Kg DM) 7.36a 7.14b 7.07b 7.06b 0.31 ** 
Mean values with different letters of superscript a, b, c within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid 
detergent fiber, ADL:  acid detergent lignin, IVOMD: in vitro organic matter digestibility, ME: 
metabolisable energy, SEM: Standard error of mean, SL: significance level, ns: not significant 
The CP content of chickpea haulm was highest (4.32%) in the +P+I, treatment and lowest (3.31%) 
in the control treatment. The remaining treatments (-P+I and +P-I) had an intermediate values of 
CP content. The IVOMD and ME values of chickpea haulm also showed positive responses 
(P<0.05) to the soil fertility treatments. A significant improvement was achieved in IVOMD and 
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ME values of the haulm when combined application of rhizobium inoculants and P fertilizer 
(treatment +P+I) were used (Table 8). 
4.2.3. Nutritional Values of Haricot Bean Haulm 
Table 9 shows the mean nutritional values of haricot bean haulm as affected by rhizobium 
inoculation and P fertilizer application. The rhizobium inoculation and P fertilizer application had 
significant effects (P<0.05) on all nutritional quality components of haricot bean haulm except the 
ADL content.  
The ash content of the haricot bean haulm was increased significantly (P<0.05) with the combined 
application of rhizobium inoculants and P fertilizer over sole P fertilization and control. Similarly, 
rhizobium inoculation and P fertilizer had significant positive effect (P<0.01) on CP content of 
haricot bean haulm. The highest mean haricot bean haulm CP content (7.50%) was obtained from 
+P+I treatment followed by -P+I (6.85%) and +P-I (6.72%) treatments, whereas significantly 
lowest CP content (5.94%) was recorded from the control treatment (Table 9).  
The NDF and ADF contents of haricot bean haulm were significantly decreased (P<0.05) with the 
application of soil fertility treatments. The IVOMD of haricot bean haulm was increased (P<0.05) 
from 55.70% in control treatment (-P-I) to 57.79% in the +P+I treatment. The ME content of 
haricot bean haulm also showed significant increment (P<0.05) due to rhizobium inoculation over 
uninoculated treatments (Table 9).  
 
Table 9: Mean nutritional values of haricot bean haulm as affected by rhizobium 
inoculation and P fertilizer  
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Parameters  Treatments SEM SL 
+P+I -P+I +P-I -P-I 
DM (%) 91.15 91.07 91.14 91.04 0.29 ns 
 Ash (%DM) 8.50a 8.01ab 7.82b 7.63b 1.06 * 
CP (%DM) 7.50a 6.85ab 6.72b 5.94c 1.2 ** 
 NDF (%DM) 67.76b 69.02ab 69.94a 69.79a 2.63 * 
ADF (%DM) 54.96b 56.05ab 57.18a 56.99a 2.73 * 
 ADL (%DM) 7.93 8.21 8.35 8.38 0.83 ns 
 IVOMD (%DM)  57.79a 56.80ab 55.80b 55.70b 2.53 * 
 ME (MJ/Kg) 8.72a 8.65ab 8.58b 8.58b 0.21 * 
Mean values with different letters of superscript a, b, c within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid 
detergent fiber, ADL:  acid detergent lignin, IVOMD: true in vitro organic matter digestibility, ME: 
metabolisable energy, SEM: Standard error of mean, SL: significance level, ns: not significant 
4.2.4. Nutritional Values of Soybean Haulm 
Nutritional value parameters analyzed for soybean haulm are presented in Table 10. The soil 
fertility treatments had significant effects (P<0.05) on CP content, IVOMD and cell wall 
constituents of the haulm of soybean. The study also showed treatment by location interaction 
effects on CP content, IVOMD and ME values of soybean haulm (Appendix Table 8). Soybean 
haulm CP content was significantly increased (P<0.05) due to the application of rhizobium 
inoculants both with and without P fertilization. The mean CP contents of +P+I (6.74%) and -P+I 
(6.08%) were significantly higher than the results of the remaining treatments viz. +P-I (5.30%) 
and the control (4.67%).  
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Table 10: Mean nutritional values of soybean haulm as affected by rhizobium inoculation 
and P fertilizer  
Parameters  Treatments  SEM SL 
+P+I -P+I +P-I -P-I 
DM (%) 90.6 90.59 90.57 90.39 0.28 ns 
 Ash (%DM) 5.88 5.87 5.73 6.06 0.74 ns 
CP (%DM) 6.74a 6.08a 5.30b 4.67b 0.97 *** 
 NDF (%DM) 74.06b 75.27ab 75.48a 76.35a 2.24 * 
ADF (%DM) 57.02b 57.54b 57.90b 59.75a 2.36 * 
 ADL (%DM) 10.60b 10.71b 10.62b 11.23a 0.47 * 
IVOMD (% DM) 50.62a 50.19ab 49.38b 49.55b 1.39 ** 
ME (MJ/Kg DM) 8.82 8.79 8.76 8.74 0.13 ns 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid 
detergent fiber, ADL: acid detergent lignin, IVOMD: in vitro organic matter digestibility, ME: 
metabolisable energy, SEM: Standard error of mean, SL: significance level, ns: not significant 
The soil fertility treatments resulted in reduced NDF, ADF and ADL contents of soybean haulm. 
Thus, the control treatment (-P-I) contained significantly higher NDF, ADF and ADL contents 
than the treatments that received soil fertility enhancing inputs, though single input supplied 
treatments contained similar NDF with the control treatment. The IVOMD of soybean haulm 
showed significant increase as a result of the use of rhizobium inoculants. As a result, the maximum 
mean IVOMD (50.62%) value of soybean haulm was recorded in treatment +P+I, whereas the 
lowest mean value of IVOMD (%) was obtained in uninoculated treatments (+P-I = 49.38% and -
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P-I = 49.55%). As shown in Table 10, all treatments had similar ME value of soybean haulm in 
the current study.  
4.3. Effect of Rhizobium Inoculation and Phosphorus Fertilizer on Grain Quality 
Parameters of Grain Legumes   
4.3.1. Thousand Seed Weight  
Mean thousand seed weight (gram) of chickpea, haricot bean and soybean grain is presented in 
Table 11. The thousand grain weight of haricot bean showed significant increase (P<0.001) as a 
result of rhizobium inoculation and P fertilizer application. Thus, the highest mean thousand seed 
weight (210.55 g) was recorded in the treatment with combined application of the inputs (+P+I) 
whereas the lowest (199.15 g) was observed in the control (-P-I). Thousand seed weight of soybean 
and chickpea grains from +P+I, -P+I and +P-I treatments were heavier than the control (-P-I), 
although the difference was not significant (P>0.05).  
Table 11: Mean thousand seed weight (gram) of chickpea, haricot bean and soybean as 
affected by rhizobium inoculation and P fertilizer  
Crop species  Treatments SEM SL 
+P+I -P+I +P-I -P-I 
Chickpea  284.09 283.57 280.77 277.69 11.24 ns 
Haricot bean  210.55a 204.01bc 207.16ab 199.15c 8.25 *** 
Soybean  142.76 145.45 145.74 137.1 11.52 ns 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, SEM: standard error of mean, SL: significance level, ns: not significant 
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4.3.2. Grain Chemical Composition, Digestibility and Metabolizable Energy Values  
The mean chemical composition, ME and IVOMD value of chickpea, haricot bean and soybean 
grain are given in Table 12, 13 and 14, respectively. There were significant differences (P<0.05) 
among the treatments in grain CP, ME and IVOMD values of haricot bean, whereas the ash content 
was not affected (P>0.05) by the treatments. The highest mean grain CP content (27.80%) of 
haricot bean was obtained from treatment +P-I, while the lowest values (26.82 and 26.95%) were 
recorded from the treatments without P fertilizer applications (-P+I and -P-I). 
Table 12: Mean nutritional values of chickpea grain as affected by rhizobium inoculation 
and P fertilizer  
 Parameters    Treatments      SEM SL 
+P+I -P+I +P-I -P-I 
DM (%) 96.38   96.50  96.37  96.43 0.22   ns 
Ash (%DM) 3.79 3.77 3.70 3.72 0.19 ns 
CP (%DM) 20.19 19.74 19.76 19.83 0.94  ns 
ME (MJ/Kg DM) 10.49 10.46 10.5 10.49  0.10 ns 
IVOMD (% DM) 72.07 71.79 72.01 71.95 0.77  ns 
Mean values with different letters of superscript a, b, c within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, DM: dry matter, CP: crude protein, ME: metabolizable energy, IVOMD: in 
vitro organic matter digestibility, SEM: standard error of mean, SL: significance level, ns: not significant 
As shown in Table 13, there was significant variation (P<0.05) among the treatments in ME 
content and IVOMD of haricot bean grain. The +P-I treatment resulted in highest mean ME content 
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(11.98 MJ/Kg DM) and TIVOMD value (83.15%) compared to the other treatments; although the 
IVOMD value was not significantly different from that of +P+I (Table 13).  
Table 13: Mean nutritional values of haricot bean grain as affected by rhizobium 
inoculation and P fertilizer 
Parameters  Treatments  SEM SL 
+P+I -P+I +P-I -P-I 
DM (%) 95.27   95.14  95.24  95.22 0.24   ns 
Ash (%DM) 5.25 5.16 5.23 5.20  0.15 ns 
CP (%DM) 27.48ab 26.82b 27.80a 26.95b 1.00  * 
ME (MJ/Kg DM) 11.92b 11.87b 11.98a 11.89b 0.10  ** 
IVOMD (% DM) 82.64ab 82.25b 83.15a 82.38b  0.83 ** 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% probability 
level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus fertilizer 
only, -P-I=control, DM: dry matter, CP: crude protein, ME: metabolizable energy, IVOMD: in vitro organic 
matter digestibility, SEM: standard error of mean, SL; significance level, ns: not significant 
The ash, CP and ME contents and IVOMD value of soybean grain showed significant response 
(P<0.05) to the application of soil fertility treatments (Table 14). The rhizobium inoculation had 
highly significant (P<0.001) effect on grain CP content of soybean and the highest mean values 
(42.97 and 43.17%) were recorded in +P+I and -P+I treatments, respectively (Table 14). The ME 
and IVOMD values of soybean grain were also increased significantly (P<0.001) with the 
application of rhizobium inoculants. The highest mean ME contents (10.14 and 10.15 MJ/Kg DM) 
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recorded in inoculated treatments (+P+I and -P+I) were significantly higher than the mean values 
of ME (9.50 and 9.73 MJ/Kg DM) obtained from uninoculated treatments (+P-I and -P-I). The 
IVOMD of soybean grain showed similar trend of change with CP and ME (Table 19). The 
interaction effect of treatment by location was significant only for CP content and IVOMD of the 
haricot bean grain (Appendix Table 9, 10).  In soybean grain, significant (P<0.05) treatment by 
location interaction effects were observed for all studied parameters (Appendix Table 11).  
Table 14: Mean nutritional values of soybean grain as affected by rhizobium inoculation 
and P fertilizer  
Parameters  Treatments  SEM SL 
 
+P+I -P+I +P-I -P-I 
DM (%) 97.83   97.78  98.78 97.81  0.13   ns 
Ash (%DM) 6.06a 6.08a 5.88b 5.81b 0.19  ** 
CP (%DM) 42.97a 43.17a 40.73b 39.32b 2.27  *** 
ME (MJ/Kg DM) 10.14a 10.15a 9.73b 9.50b 0.38  *** 
TIVOMD (% DM) 78.12a 78.32a 75.13b 73.40b 2.86  *** 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 
fertilizer only, -P-I=control, DM: dry matter, CP: crude protein, ME: metabolizable energy, IVOMD: in 
vitro organic matter digestibility, SEM: standard error of mean, SL: significance level, ns: not significant 
4.3.3. Grain Essential Amino Acid Contents  
Essential amino acid contents of chickpea, haricot bean and soybean grain are presented in Table 
15, 16 and 17, respectively. The essential amino acid contents of haricot bean and soybean grain 
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were significantly affected (P<0.05) by the application of the rhizobium inoculants and P fertilizer. 
The essential amino acid contents of haricot bean grain improved significantly (P<0.05) with the 
application of P fertilizer with more prominent improvement in the case of sole P fertilizer 
application in most parameters. Accordingly, higher mean value of histidine (0.95%), threonine 
(0.96%), valine (1.10%), isoleucine (0.86%), leucine (1.96%), tryptophane (0.27%), cystine 
(0.41%) and tyrosine (0.69%) were obtained from treatment +P-I (Table 16). On the other hand, 
higher mean value of total amino acid (22.90 and 23.01%) and phenylalanine (1.36 and 1.37%) 
content of haricot bean grain were recorded in +P+I and +P-I treatments (Table 16).  
The essential amino acid contents of soybean grain showed highly significant (P<0.001) response 
to soil fertility treatments. In most parameters, the significant increment was obtained in rhizobium 
inoculated treatments (+P+I and -P+I) than uninoculated treatments (Table 17). Furthermore, 
histidine, tryptophane and tyrosine in treatment +P-I showed significant increment over the control 
(Table 17). As a consequence, significantly higher mean values of individual essential and total 
amino acids were recorded in rhizobium inoculated treatments both with and without P fertilization 






Table 15: Mean essential amino acid contents of chickpea grain as affected by rhizobium 
inoculation and P fertilizer  
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+P+I -P+I +P-I -P-I 
Cystine  0.31 0.31 0.31 0.31 0.01 ns 
Histidine  0.79 0.78 0.78 0.78 0.02 ns 
Isoleucine   0.67 0.66 0.66 0.66 0.03 ns 
Leucine  1.71 1.69 1.69 1.69 0.05 ns 
Lysine   1.28 1.26 1.27 1.27 0.05 ns 
Methionine  0.19 0.18 0.18 0.18 0.01 ns 
Phenylalanine  1.03 1.01 1.01 1.01 0.04 ns 
Threonine  0.73 0.72 0.72 0.72 0.03 ns 
Tryptophane  0.18 0.18 0.18 0.17 0.01 ns 
Valine  0.72 0.70 0.70 0.70 0.04 ns 
Total Amino acid  17.70 17.39 17.37 17.39 0.63 ns 
+P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus fertilizer only, -





Table 16: Mean essential amino acid contents of haricot bean grain as affected by 
rhizobium inoculation and P fertilizer  
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 +P+I -P+I +P-I -P-I 
Cystine  0.40bc 0.39c 0.41a 0.40bc 0.01 * 
Histidine  0.94ab 0.92c 0.95a 0.93bc 0.02 * 
Isoleucine   0.84ab 0.82b 0.86a 0.83b 0.04 * 
Leucine  1.94ab 1.90b 1.96a 1.90b 0.07 * 
Lysine   1.52 1.51 1.56 1.53 0.05 ns 
Methionine  0.26a 0.25ab 0.25ab 0.24b 0.01 * 
Phenylalanine  1.36a 1.32b 1.37a 1.32b 0.05 * 
Threonine  0.94ab 0.92c 0.96a 0.92bc 0.03 * 
Tryptophane  0.26ab 0.25b 0.27a 0.26ab 0.01 * 
Valine  1.07ab 1.05b 1.10a 1.06b 0.04 * 
Total Amino acid  22.90a 22.28b 23.01a 22.37b 0.78 * 
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level, +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= phosphorus 




Table 17: Mean essential amino acid contents of soybean grain as affected by rhizobium 
inoculation and P fertilizer  
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 +P+I -P+I +P-I -P-I 












Histidine  1.70a 1.72a 1.61b 1.55b 0.10 *** 
Isoleucine   2.86a 2.88a 2.70b 2.60b 0.16 *** 
Leucine  2.16a 2.16a 2.07b 2.00b 0.11 *** 
Lysine   0.40a 0.41a 0.38b 0.36b 0.03 *** 
Methionine  1.96a 1.97a 1.83b 1.76b 0.12 *** 
Phenylalanine  1.44a 1.45a 1.36b 1.31b 0.08 *** 
Threonine  0.48a 0.48a 0.45b 0.43c 0.03 *** 
Tyrosine  1.84a 1.85a 1.73b 1.67b 0.11 *** 
Valine  36.57a 36.80a 34.25b 32.82b 2.25 *** 
Total Amino acid        
a, b, c Mean values with different letters of superscript within the rows are significantly different at 5% 
probability level,  +P+I= phosphorus fertilizer with inoculation, -P+I= inoculation only, +P-I= 
phosphorus fertilizer only, -P-I=control, SEM: standard error of mean, SL: significance level 
 
4.4. Socio-economic Characteristics and Perception of the Households on the 
Effects of Rhozobium Inoculation and Phosphorus Fertilizer  
In this study, household survey was also conducted to get farmers viewpoint on the effects of 
rhozobium inoculation and P fertilizer on haulm yield and quality as well as to know the current 
status of grain legume haulm use practices under smallholder farmers’ conditions. The results on 
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household socio-economic characteristics, livestock feed sources, uses of grain legume haulm, and 
farmers’ perception on the effects of these soil fertility treatments on haulm yield and quality are 
presented in the following sections. 
4.4.1. Household Characteristics  
The demographic characteristics of the sampled households of the study area i presented in Table 
18. Majority of respondents were male headed households (95.6%). As indicated in Table 18, the 
overall mean age of the household heads was 42.61±0.92 years, with a range of 39-68 years. There 
was significant difference (P<0.05) among districts in mean age of the household heads and it was 
39.29±1.06, 43.75±1.87 and 45.50±1.70 years at Damot-Gale, Ada’a and Sinana districts, 
respectively. The overall result concerning level of education of household heads showed that 
62.2% and 17.8% of the respondents attended primary (grade 1-8) and secondary (above grade 8) 
school education, respectively (Table 18).  About 12.2% of the respondents also have the ability 
to read and write (obtained through basic and traditional education), while the remaining 7.8% 




Table 18: Basic households’ characteristics of surveyed farmers 








Age Years (Mean ±SE) 43.75 (1.87)a 45.50 (1.70)a 39.29(1.06)b 42.61 (0.92) 
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Illiterate 10.7 7.1 5.9 7.8 
Basic education 25 10.7 2.9 12.2 
1-8 grade 64.3 71.4 52.9 62.2 
Above grade 8  - 10.7 38.2 17.8 
4.4.2. Livestock and Land Holding and Land Use Pattern of the Households 
The average livestock (TLU) and landholding (ha) per household and land use patterns of the 
respondents are presented in Table 19. The overall mean livestock holding of the smallholder 
farmers in the study area was 5.86±0.42 TLU per household. The average livestock holding per 
household was significantly higher (P<0.05) in Ada’a district (8.63±0.61 TLU) than the other two 
districts. On the other hand, the livestock holding in Damot-Gale district (3.04±0.56 TLU) was 
significantly lower (P<0.05) with intermediate value in Sinana district (Table 19).  
The current survey showed that the overall average total land holding per household in the study 
area was 2.10±0.13ha.Total land (3.24±0.14 ha) and cultivated land (2.57±0.12 ha) holding per 
household in Sinana district was significantly higher (P<0.05) than in Ada’a (2.52±0.14 ha total 
land and 2.02±0.12ha cultivated land) and in Damot-Gale (0.81±0.13ha total land and 0.53±0.11ha 
cultivated land) districts. On the other hand, land allocated for grain legumes production in Ada’a 
district (0.95±0.07ha) was significantly (P<0.05) higher than in Sinana (0.21±0.07 ha) and Damot 
Gale (0.24 ±0.06ha) districts. Common grain legumes (pulse crops) grown by smallholder farmers 
in the surveyed districts are shown in Figure 2.   
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The average grazing landholding per household was very small and not significantly different 
(P>0.05) among the study districts. The overall mean grazing land owned per household in the 
study area was 0.12±0.02 ha (Table 19). Moreover, the land allocated for cultivated fodder per 
household was significantly different (P<0.05) among the surveyed districts. As shown in Table 
4, the average farm size (0.11±0.02ha) allocated for fodder production per household in Sinana 
district was significantly larger than the remaining two districts. 




Ada’a Sinana Damot-Gale Overall SL 
Mean (±SE) Mean (±SE) Mean (±SE) Mean (±SE)  
Livestock holding 
(TLU) 
8.63 (0.61)a 6.51 (0.61)b 3.04 (0.56)c 5.86 (0.42) *** 
Total land (ha) 2.52 (0.14)b 3.24 (0.14)a 0.81 (0.13)c 2.10 (0.13) *** 
Cultivated land (ha) 2.02 (0.12)b 2.57 (0.12)a 0.53 (0.11)c 1.63 (0.11) *** 
Land allocated for 
pulses (ha) 
0.95 (0.07)a 0.21 (0.07)b 0.24 (0.06)b 0.45 (0.05) *** 
Grazing land (ha) 0.14 (0.03) 0.11 (0.03) 0.10 (0.03) 0.12 (0.02) Ns 
Land allocated for 
cultivated fodder (ha) 
0.02 (0.02)b 0.11 (0.02)a 0.04 (0.01)b 0.06 (0.01) *** 
a, b, c Mean values with different superscript within the rows are significantly different at P<0.05, SL: 
significant level, ns: not significant, Conversion factors of livestock number to TLU adapted from Jahnke, 




Figure 2: Percentage of respondents growing common legumes in the surveyed districts 
4.4.3. Major Household Feed Sources in Study Area 
The major feed resources prioritized by the sampled households according to the perceived 
contribution of each type of feeds to total feed supply in the study area are presented in Table 20. 
The result showed that crop residues (32.5%), natural pasture (22.1%), stubble grazing (18.8%), 
other feeds (11.9%), cut and carry forages (8.9%), agro-industrial by products or concentrates 
(5.3%) and hay (0.5%) were the major feed resources utilized by smallholder farmers in the study 
area (Table 20).  
As shown in Figure (3-A), about 72.2% of the households have reported livestock feed shortage 
as an important constraint that challenged them in livestock production. The respondents also 
stated that feed scarcity occurred in different periods of the year. Accordingly, majority of the 
households (73.4%) reported that they experience feed shortages in the dry seasons of the year 
(Figure 3-B), whereas the remaining 25.0% and 1.6% of the respondents reported feed shortage to 












Ada'a Sinana Damot-Gale Overall
Chickpea 100 0 97.1 67.8
Lentil 71.4 7.1 0 24.4
Faba bean 46.4 92.9 2.9 44.4
Field pea 17.9 28.6 0 14.4
Grass pea 10.7 0 0 3.3











The farmers of the study area adopted different coping strategies in time of limited feed availability 
(Figure 3-C). The major coping strategies identified in the present survey includes efficient 
utilization of conserved crop residues (32.8%), use of different farm and home by-products 
(29.7%), use of purchased feed (18.8%) and exploration of other alternative like moving animals 
where better grazing (including stubble grazing) available during the day time and obtaining from 
fellow farmers (18.7%).  
Table 20: Major feed resources as ranked by sampled households in the surveyed districts 
Feed Resources 
#
Household responses (%) 
(N=90) 
Rank 
Crop residues 32.5 1 
Natural pasture 22.1 2 
Stubble grazing 18.8 3 
Cut and carry forages 8.9 5 
Agro-industrial by products 5.3 6 
Hay 0.5 7 
Other feeds**  11.9 4 
 Total  100   
**: Lists of other feeds include leaves of Enset and different horticultural crops, household waste and 
grain screenings; weeds collected from farms, poultry litters etc. # Index means x 100.  Index mean= sum 
of (5 × number of responses for 1st rank + 4 × number of responses for 2nd rank + 3 × number of responses 
for 3rd rank + 2 × number of responses for 4th + 1 x number of responses for 5th) divided by (5 × total 
responses for 1st rank + 4 × total responses for 2nd rank + 3 × total responses for 3rd rank + 2 × total 




Figure 3: Sampled households perceived feed shortage (A), time of scarcity (B) and coping 
strategies (C) in the study area 
4.4.4. Uses of Grain Legume Haulm in the Study Area 
Grain legume haulm has multiple uses for the smallholder farmers (Table 21). The farmers 
prioritized and ranked the importance of grain legumes haulm in their area based on the amount of 
residues allocated for different alternative uses. Regardless of the variations among the districts, 
the result showed that primary use of grain legume haulm in the study areas was reported to be as 
56 
 
source of feed (76.7%) and followed by source of household fuel (11.4%), for mulching and 
compost making (8.8%) and for sale as alternative source of cash (3.1%).  
Table 21: Household prioritized use of grain legumes haulm in the surveyed districts 
Uses of haulms 
#
Household responses (%) 
(N=90) 
Rank 
Feed source 76.7 1 
Domestic fuel 11.4 2 
Mulching/bio-fertilizer 8.8 3 
For sale/income source 3.1 4 
Total   100   
# Index means x 100.  Index mean= sum of (2x number of response of 1st rank + 1x number of responses 
of 2nd rank) divided by (2x total response of 1st rank + 1x total response of 2nd rank) 
Majority (90.0%) of the sampled households stated that the trend of haulm utilization in livestock 
feeding is increasing from time to time (Table 22). There are many factors that triggered the rapid 
shifting of legume haulm use as livestock feed source than other roles in the mixed crop-livestock 
farming areas. Shortage of livestock feed and lack of other options, improved awareness on the 
nutritional advantages of legume haulms than cereal residues and increased annual production of 
grain legume haulm are the three main drivers prioritized by the respondents for the increasing 





Table 22: Trends of haulm use as feed and reasons for the increasing trends in using as 
livestock feed in the survey districts 
 Variables  Indicators Percent (%)   
(N=90) 




No change 5.6 
Don’t know 4.4 
Total 100 
Reasons for increasing trends 




Feed shortage and lack of 
other options 
59.3 







   
4.4.5.  Household Perception on the Effects of Rhizobium Inoculation and 
Phosphorus Fertilizer on Haulm Yield and Quality  
Responses of the sampled households on the effect of applying P fertilizer and inoculants on the 
biomass yield and feeding value of grain legume haulm is shown in Figure 4. As illustrated in 
Figure (4-A), about 62.2 % of the interviewed households believed that applying P fertilizer and 
inoculants have an effect on haulm yield of the grain legumes. They correlated the influence of 
these soil fertility enhancing treatments with the improved vegetative growth of the crops which 
in return increased the final above ground biomass production. Meanwhile, the remaining 24.5% 
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of households did not recognize the impacts of the fertilizers on the haulms yield, whereas 13.3% 
of the respondents said that the treatments did not bring any change on the haulm biomass yield of 
the crops (Figure 4-A). 
Similarly, questions were raised to the respondents to capture their perception on the effect of the 
treatments on nutritional quality of the haulm. The proportion of the morphological fractions (leaf 
to stem ratio) of the harvested haulm and animals’ preference to the haulm harvested from different 
plots were used as key indicators to assess the farmers perception of the nutritional quality of the 
haulm. Accordingly, 46.7% of the interviewed households replied that they did not know the 
impact of the treatments on the nutritional value of the haulms (Figure 4-B). Moreover, among the 
32.2% respondents reflected considerable effect of the soil fertility treatments on haulm nutritional 
values (Figure 4-B), most of them (62.1%) pointed out that application of P fertilizer and rhizobium 








Figure 4 Household perceptions on the effects of rhozobium inoculation and P fertilizer on 
haulm yield (A), haulm quality (B) and trend of impact on haulm quality (C) 
 
5. DISCUSSION 
5.1. Effects of Rhizobium Inoculation and Phosphorus Fertilizer on Grain Yield, 
Haulm Yield and Harvest Index of Grain Legumes 
The increased grain yield of the different grain legumes as a result of soil fertility treatments is 
consistent with the findings of different authors (Ibsa, 2013; Tagore et al., 2013, 2014). Similar to 
present result, significant improvement of chickpea grain yield was reported with the inoculation 
of chickpea seed with dual microbial fertilizers (Tagore et al., 2013, 2014). Similarly, Ndlovu 
(2015) also reported about 16.15-27.50% grain yield increment in two dry bean (Phaseolues 
vulgaris) cultivars due to rhizobium inoculation. The result obtained in soybean grain yield is in 
accordance with the earlier research finding that showed mean grain yield of 1.75, 1.42 and 1.42 
t/ha in inoculation plus P fertilizer, seed inoculation alone and sole P fertilizer applied treatments, 
respectively (Ronner et al., 2015). The current result also in agreement with report that showed a 
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significant increment in soybean grain yield due to inoculation with two isolates (SB6B1 and 
legumfix) of Bradyrhizobium inoculants in Ethiopia (Tesfaye, 2015). Additionally, comparable 
soybean grain yield was also reported with the use of various N source fertilizers (Khaim et al., 
2013). 
Significant improvement of haulm DM yield of all the studied crops except chickpea was possible 
due to the application of rhizobium inoculants and P fertilizer. Combined applications of rhizobium 
inoculants and P fertilizer (treatment +P+I) resulted in highest mean haulm DM yield in faba bean 
(3.61 t/ha) and haricot bean (1.84 t/ha), while the two inoculated treatments (+P+I and -P+I) gave 
maximum yield of 3.07 and 3.23 t/ha respectively, in soybean.  Similarly, Yagoub et al. (2012) 
and Khaim et al. (2013) reported significant improvement in soybean haulm yield as a result of 
application of N and P source fertilizers. However, of the improvement in chickpea haulm DM 
yield due to the application of the inputs was not significant in contrast to the positive responses 
reported earlier for the same crops by Tagore et al. (2013, 2014) 
Variations were also observed among the studied grain legumes in their responses to the inputs in 
terms of harvest index. In the present study, chickpea and haricot bean harvest index were affected 
significantly due to the soil fertility treatments. The results illustrated that the maximum harvest 
index of chickpea (0.46) and haricot bean (0.52) were recorded in treatment +P+I and treatment 
P-I, respectively. Contrary to the current result, lack of response to rhizobium inoculants 
application and P fertilizer level was reported in two dry bean (Phaseolus vulgaris) cultivars in 
terms of harvest index (Ndlovu, 2015). On the other hand, unlike the finding of the current study 
which showed non-significant effect of the treatments on soybean harvest index, significant effect 
of N and P fertilizer on harvest index were also reported (Yagoub et al., 2012; Khaim et al., 2013).  
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Generally in the present experiment, the increased levels of plant available nutrients particularly 
N and P in the rhizosphere due to the application of P fertilizer and seed inoculation with more 
effective rhizobium strain might have positively affected the nodulation and vegetative growth of 
the plants, which ultimately resulted in increased yield performance. 
5.2. Effects of Rhizobium Inoculation and Phosphorus Fertilizer on Nutritional 
Values of Grain Legumes Haulm 
5.2.1. Nutritional Values of Faba Bean Haulm 
The current result showed that all nutritional quality variables of faba bean haulm except ash 
content were significantly affected with the treatments. The CP content of faba bean haulm was 
significantly increased over the control as a result of rhizobium inoculation and P fertilizer 
application by 24.19%, 22.85% and 21.53% in +P+I, -P+I and +P-I treatments, respectively. 
Similarly, positive and highly significant effect of P level and bio-fertilizer on N (CP) content of 
faba bean straw was reported by Habbasha et al. (2007). According to the same authors, the highest 
straw N (1.93%) content which is equivalent to 12.06% CP was achieved with the combined 
application of rhizobium, Nitrobein and P2O5 fertilizers in faba bean.  On the other hand, despite 
showing significant improvement over the control treatment, the haulm harvested from faba bean 
grown on rhizobium inoculants and P fertilizer supplied plots contained lower CP content to be 
classified in medium quality roughage category according to Nsahlai et al. (1996), who put 
roughage feeds with CP content of 9.92-15.2%, 6.6-9.1% and 3.0-6.5% as high, medium and low 
quality roughages, respectively. 
Furthermore, the recorded haulm CP content for all treatments in the present study were lower 
than the CP content reported for the same crops under unknown soil nutrient regimes in different 
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parts of the country (Solomon et al., 2008; Yetmwork et al., 2011), but  higher than the value 
reported for five faba bean cultivars in Ethiopia (Teklu, 2016). Regardless of the treatments, some 
extraneous factors like crop husbandry practices during growing period, stage of crop harvesting 
(associated with leave shattering) and environmental condition could have attributed for the 
variations observed among different reports in haulm CP value of faba bean. 
The soil fertility treatments resulted in reduced NDF, ADF and ADL contents of faba bean haulm 
where treatments that received soil fertility inputs (+P+I, -P+I and +P-I) had significantly lower 
NDF, ADF and ADL contents than the control treatment (-P-I). The values of haulm NDF, ADF 
and ADL content were similar among nutrient supplied treatments. The mean NDF, ADF and ADL 
contents found in faba bean haulm harvested from rhizobium inoculated and/or P fertilized 
treatments were lower than the result of earlier study for the same crop species (Teklu, 2016). But, 
the mean values recorded in haulm NDF, ADF and ADL contents of faba bean from all treatments 
in this study were higher than the values reported by Solomon et al. (2008) and Yetmwork et al. 
(2011). 
The decrease in NDF, ADF and ADL contents of faba bean haulm due to the treatments can also 
contribute to concomitant improvement in the rumen soluble plant cell constituents. These cell 
wall components (NDF and ADF) have direct effects on animal performance through their 
influence on DM intake and nutrient digestibility. Singh and Oosting (1992) pointed out that 
roughage feeds containing NDF values of less than 45% to be classified as high, those with values 
ranging from 45 to 65% as medium and those with values higher than 65% as low quality. 
Meanwhile, Kellems and Church (1998) indicated that roughage with less than 40% ADF is 
categorized as high quality and those with greater than 40% as poor quality. Thus, taking into 
consideration the criteria of Singh and Oasting (1992) based NDF composition, unlike haulm 
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harvested from the control treatment, haulm of faba bean grown using soil fertility treatments can 
be classified as medium quality roughages, although haulm from all treatments do not fulfill the 
criteria of Kellem and Church (1998) to be a good quality roughage feed based on their ADF 
profile. 
Faba bean haulm IVOMD and ME values were significantly improved due to the application of 
rhizobium inoculants and P fertilizer. The improvement achieved in IVOMD  and ME values of 
faba bean haulm due to the treatments might be associated with the increased  haulm CP content 
and decreased NDF, ADF and ADL contents. Overall, the improvement obtained in terms of CP, 
IVOMD and ME with associated decline in NDF, ADF and ADL contents entail important 
achievements from nutritional point of view. 
5.2.2. Nutritional Values of Chickpea Haulm 
Positive effect of rhizobium inoculation and P fertilizer application was observed on haulm CP 
content, IVOMD and ME values of chickpea. Improvement of haulm CP content of chickpea was 
significant in all soil fertility treatments supplied groups compared to the control, while combined 
application of the inputs (+P+I) resulted in significant change over separate use of rhizobium 
inoculants and P fertilizer. The improvement obtained in haulm CP content due to the application 
of soil fertility treatments over control was 30.51% in  treatment +P+I, 10.57% in treatment -P+I 
and 8.76% in +P-I treatment. The increased haulm CP content might be associated with the 
enhanced N availability to the plant through atmospheric N2 fixation. The current finding is in 
agreement with Ibsa (2013) who reported significant increment of chickpea haulm N content due 
to the application of the same treatments in Southern Ethiopia. Similarly, significant improvement 
of haulm protein content of chickpea due to application of different type of bio-fertilizers in 
combination and separately was noticed by Tagore et al. (2014). According to those authors, the 
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highest protein content of chickpea haulm (3.93%) was obtained with application of combined 
rhizobium and PSB as compared to sole rhizobium (3.81%) and PSB alone (3.61%) and the control 
(3.59%).  
Significant improvement of haulm IVOMD and ME values of chickpea was observed in combined 
application of inoculants with P fertilizer (+P+I). The improvement of haulm digestibility and ME 
might be related with increased haulm CP content. Generally, although most of the maximum 
mean values recorded in each nutritional value components per respective treatment in present 
study of chickpea haulm were lower than the earlier reports for the same crops in Ethiopia (Dereje 
et al., 2010; Tena, 2016). The positive responses that the crop demonstrated for the application of 
soil fertility inputs in terms of the major feed quality indicators (CP , IVOMD  and ME) showed 
the possibility of improving the nutritional value of chickpea residues with the use of bio-
inoculants and P fertilizer.  
On the other hand, as the crop was managed and harvested by the farmers themselves; harvesting 
at appropriate stage of maturity without losses of all plant components (mostly the leaves) may not 
be expected, which in fact can determine proportion of different morphological fractions (leaf to 
stem ration) in the final haulm harvest. Therefore, this might be a cause for the decline of overall 
protein content of the chickpea haulm studied in the present experiment. In line with this, Lopez 
et al. (2005) demonstrated the presence of significant variation in CP content of leaf rich (7.2% 
CP) and stem rich (4.3% CP) chickpea haulm. 
5.2.3. Nutritional Values of Haricot Bean Haulm 
In haricot bean haulm, all analyzed nutritional quality components except ADL content were 
significantly affected by rhizobium inoculation and P fertilizer application. In the current study, 
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the ash content of haricot bean haulm was significantly increased with the application of rhizobium 
inoculants with P fertilizer (+P+I) over the control and sole P fertilization (+P-I). The observed 
positive effect of P in combination with inoculation on ash content of the haricot bean haulm might 
have been resulted from increased availability of P in the soil and its favorable effect on nutrient 
uptake. In association with this, regulatory role of P in plant nutrient uptake was reported by Ayub 
et al. (2012) which could be mentioned as a possible reason for improvement in ash content. 
The current results also demonstrated that the CP content of haricot bean haulm significantly 
increased over the control with more prominent improvement in combined application of 
inoculants and P fertilizer. Accordingly, haulm CP content of treatment +P+I, -P+I and +P-I 
exceeded the control treatment by 26.26%, 15.32% and 13.13%, respectively. Enhanced 
atmospheric N2 fixation due to seed inoculation with more effective rhizobium bacteria and P 
fertilizer supply could have caused increased N availability in the soil and N uptake which could 
have likely improved the CP content of the haulm. 
Haulm CP content recorded for haricot bean crop harvested from soil fertility treatments applied 
plots were higher than the values of 5.4% and 5.9% reported for haricot bean haulm in Ethiopia 
by Tesfaye and Musimba (2003) and Seyoum and Fekede (2008), respectively. Haricot bean haulm 
produced on plots supplied with rhizobium inoculants and/or P fertilizer can be grouped under 
medium quality roughage feeds based on criteria of Nsahlai et al. (1996). Thus, haulm CP content 
of treatment +P+I, -P+I and +P-I can fulfill the rumen microbial requirement for fermentation and 
effective degradation which is 6.25-7.5% crude protein (Van Soest, 1994). 
Effects of rhizobuim inoculation and P fertilizer were significant on the two cell wall components 
(NDF and ADF) of haricot bean haulm. In haricot bean, the lowest mean haulm NDF (67.76%) 
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and ADF (54.96%) contents were recorded in treatment +P+I. The mean values of haulm NDF and 
ADF contents recorded for all treatments in the present study were above the medium range forage 
quality (45-65% and 31-45%, respectively) as indicated by Ball et al. (2007).  On the other hand, 
except treatment +P+I which had the lowest mean values of NDF, ADF and ADL; comparable 
result with the present finding was reported for the remaining treatments in haulm NDF, ADF and 
ADL contents of haricot bean (Tesfaye and Musimba, 2003).  
The IVOMD of haricot bean haulm was significantly increased due to application of  rhizobium 
inoculants and P fertilizer and the minimum (55.70%) and maximum (57.79%) values were 
recorded in control (-P-I) and +P+I treatments, respectively. Evitayani et al. (2004) reported that 
digestibility of legumes depends on chemical composition (particularly, fiber, lignin and silica 
contents), forage species, stage of maturity, leafiness, and soil fertility and other environmental 
factors. Thus, the improvement achieved in organic matter digestibility of the haulm is a positive 
result obtained from the application of soil fertility treatments.  
Furthermore, the mean IVOMD value of haricot bean haulm found in all treatments were higher 
than the minimum threshold level (50%) required for acceptable digestibility of forages according 
to Owen and Jayasuriya (1989).  Application of rhizobium inoculants and P fertilizer also resulted 
in significant improvement of ME value of haricot bean haulm and the highest mean value was 
obtained in combined use of inoculants with P fertilizer (treatment +P+I). Generally, the 
improvement attained in terms of haulm IVOMD and ME values of haricot bean could be 
associated with the positive result achieved in protein content of the haulm as well as the decreased 
NDF and ADF contents due to the treatments. As described by Seyoum and Fekede (2008); grain 
legume haulm has better IVOMD and ME value than cereals due to their better composition of 
nitrogen or crude protein. 
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5.2.4. Nutritional Values of Soybean Haulm 
Except the ash content and ME contents, all analyzed nutritional value variables of soybean haulm 
showed significant difference among the treatments. The improvement of CP content of soybean 
haulm was attained due to rhizobium inoculations and the highest mean CP value of the haulm was 
recorded in treatment +P+I (6.74% CP). Generally, the CP content of soybean haulm from +P+I, 
-P+I and +P-I treatments exceeded the control with 44.36%, 30.19% and 13.49%, respectively. 
The current result is in agreement with the finding of Tesfaye (2015) who reported significant 
improvement of soybean haulm nitrogen or CP content due to application of Bradyrhizobium 
inoculants in Ethiopia. Moreover, based on Nsahlai et al. (1996) criteria, soybean haulm produced 
on plot with combined application of both inputs (treatment +P+I) can be classified under medium 
quality roughages. Haulm produced on plot which supplied with rhizobium inoculants and P 
fertilizer in combination can also satisfy the rumen microbial protein requirement for fermentation 
and effective degradation (Van Soest, 1994). The better CP content of the soybean haulm produced 
in inoculated treatments in the present study clearly is associated with enhanced N availability and 
uptake through atmosphere N2 fixation by rhizobium bacterium.  
The result shows that soybean haulm NDF, ADF and ADL contents were significantly decreased 
due to the application of rhizobium inoculants and P fertilizer compared to the control. Thus, 
rhizobium and/or P fertilizer supplied plots had lower mean value of NDF, ADF and ADL content 
than the control. Regardless of the improvement obtained in CP, IVOMD and ME, soybean haulm 
produced from different treatment plots in the present study could be categorized under poor 
quality roughage feeds based on the composition of NDF (Singh and Oosting, 1992) and ADF 
(Kellems and Church, 1998). 
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Combined application of rhizobium inoculums and P fertilizer (treatment +P+I) resulted in 
significant increment in digestibility of soybean haulm (IVOMD=50.62%). Owen and Jaysuriya 
(1989) noticed that 50% digestibility is a critical threshold level to consider a given feed to be in 
acceptable range of digestibility and combined treatment +P+I advanced soybean haulm quality 
into this range. The improvement achieved in IVOMD value in treatment +P+I in this regard, 
might be associated with the increased CP value and lowered proportion of NDF, ADF and ADL 
contents.  
5.3. Effects of Rhizobium Inoculation and Phosphorus Fertilizer on Grain Quality 
Parameters of Grain Legumes   
Effects of rhizobium inoculation and P fertilizer on grain quality of chickpea, haricot bean and 
soybean were evaluated based on thousand seed weight (physical quality), chemical composition 
(ash and CP), IVOMD, ME and essential amino acids contents. The present findings illustrated 
that only haricot bean had positive  respondes to the treatments in thousand seed weight and the 
heaviest (210.55 g) thousand seed weight of haricot bean grain was recorded in treatment +P+I. In 
conformity with the current finding, Ndlovu (2015) reported significant response of two drybean 
(Phaseolus vulgaris) cultivars to the application of inoculants in thousand seed weight. Contrary 
to the non-responsiveness observed in thousand seed weight of chickpea and soybean to seed 
inoculation and P fertilization in the current study, various scholars demonstrated significant 
effects of the fertilizers on thousand seed weight of these crops (Ibsa, 2013; Tesfaye, 2015; Zarei 
et al., 2012). 
Effects of rhizobium inoculation and P fertilizer on grain ash, CP, IVOMD, ME and essential 
amino acid contents in chickpea were not significant. Contrary to this finding, significant response 
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of chickpea in grain protein content to the application of two different microbial-fertilizers 
(separately and in combination) was reported by Tagore et al .(2014). As reported by the same 
authors, CP content of chickpea grain was 20.73%, 18.73%, 17.31% and 17.14% in combined 
inoculation of rhizobium and phosphate solublizing bacteria, only rhizobium inoculation, PSB alone 
and control, respectively. The non-responsiveness of chickpea in terms of grain protein and amino 
acid contents in this study might be associated with the low efficiency of nitrogen stabilizer nodes 
in the late growth period of the crop. In haricot bean, except the ash content all grain nutritional 
quality parameters were significantly responded to the treatments and the improvement obtained 
due to P fertilization was more prominent than rhizobium inoculation. Thus, the highest value of 
grain CP content, IVOMD and ME as well as most essential amino acids contents of haricot bean 
crop were recorded in P fertilized treatments with more prominent increase in sole P fertilizations 
(treatment +P-I). The improved availability of P nutrient in the root area of the crop might have 
increased the CP content of haricot bean grain through its direct effect on nodule development and 
functioning. Phosphorus with other soil nutrients has significant role in root proliferation and 
thereby atmospheric nitrogen fixation of legumes which is in turn used for the synthesis of crude 
protein (Ayub et al., 2012; Tairo and Ndakidemi, 2013). Importance of P in the production of 
protein, phospholipids and phytin in legume grains was also reported by Rahman et al. (2008). 
 All analyzed nutritional value parameters of soybean grain were also significantly affected due to 
the treatments. The significant improvement of grain ash, CP, IVOMD, ME and most essential 
amino acids were attained due to rhizobium inoculation than P fertilizer in soybean. The mean 
value of grain ash, CP, IVODM, ME and essential amino acids of rhizobium inoculated treatments 
(+P+I and -P+I) were significantly higher than uninoculated treatments (+P-I and -P-I). In 
agreement with the current finding, significant improvement of seed protein content of soybean 
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was reported with the use of two strains of rhizobium inoculants in Ethiopia (Tesfaye, 2015). The 
same author stated that seed inoculation with more effective rhizobium bacteria can enhance the 
nitrogen supply of soybean grain which in turn results in higher protein content. Similar reasons 
can be mentioned for the improvement achieved in amino acid compositions since amino acids are 
building blocks for protein. The improvement obtained in grain digestibility and ME value due to 
the treatments might be also associated with increased grain CP content. 
5.4. Household Characteristics  
Majority of the respondents were male headed households, which means most of the responses 
were given by men on behalf of their households. According to Akinola et al. (2015) age can 
determine how active and productive the head of the household is. The average household age 
(42.61±0.92 years) recorded during the current survey indicated that household heads of the study 
area fall in economically active age group. The average household age recorded in the current 
assessment was comparable with reports of some earlier studies in similar farming areas (Ahmed, 
2006; Endale, 2015; Mekdes, 2011). The smallest mean household age recorded in Damot-Gale 
district was supported with the previous report in the area that put a large proportion (66.7%) of 
the household heads in the age category of 31-40 years (Ermias, 2014). 
 Household education is a human capital and it can be used to define socio-economic features of 
the households. This study demonstrated that majority of the interviewed households across all 
surveyed districts had education status of primary level and above (Grade 1-12). Overall, only 
small proportions of the sampled households were illiterate. The high level of education of the 
households observed in this study could have a positive impact on the adoption of improved 
agricultural technologies easily. The higher the level of education of the households, the higher 
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the probability of taking the right decision, read simple instruction relating to farming and take 
necessary precautions where necessary (Akinola et al., 2015).  
5.5. Landholding and Land Use Pattern  
Total and cultivated land holding as well as land allocated for various agricultural activities by 
farmers were quantified in the current study. The result showed significant difference among the 
districts in total land holding, cultivated farm size, land allocated for pulse crop and land used for 
fodder production per household. The smallest land holding and land use pattern per households 
observed at Damot-Gale district, while except land used for pulse production, farmers from Sinana 
district came on the top of the remaining districts in total land holding, farm lands and land 
allocated for fodder cultivation. The landholding per household found in Sinana and Ada’a districts 
is above the national average (1.77 ha) and Oromia region average (1.98 ha) rural land holding 
(ERSS, 2013). Average landholding per household recorded in Damot Gale district is comparable 
with the estimated average rural land holding in the SNNP (0.88 ha) but below the national data 
(ERSS, 2013). Additionally, the smallest landholding (0.81ha total land and 0.53ha cultivated 
land) per household observed in Damot-Gale district is comparable with the reports of 0.6 ha in 
Wolayta Area (Ibsa, 2013) and 0.7 ha in Umbulo-Watershed of Southern Ethiopia (Funte et al., 
2010).  Generally, due to very high population density (746 persons per square kilometer) in 
Wolayta zone, average landholding of the area decreased to about 0.25-1 ha per household (Jufare, 
2008). 
Furthermore, the overall average total landholding per household (2.10±0.13ha) observed in this 
study was in comparable range with some previous reports in similar agricultural production 
system (Ahmed, 2006; Tsedeke, 2007; Solomon et al., 2014), but lower than the report made by 
others in similar farming situation (Bayush et al., 2008; Dawit et al., 2012; Endale, 2015). 
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Differences were observed among the districts in the proportion and area of land used/household 
for grain legume production. Accordingly, about 47.03%, 45.3% and 8.17% cultivated land was 
allocated for grain legumes production per household in Ada’a, Damot-Gale and Sinana districts, 
respectively. This shows that unlike farmers from Ada’a and Damot-Gale districts, most 
smallholder farmers in Sinana district give more priority for production of cereal crops than grain 
legumes. The current result is in agreement with the report of Dawit et al. (2012), which showed 
that the farming system of Sinana district to be a predominantly mixed cereal-livestock type.  
As the survey districts are known for their crop dominant mixed farming system, the average 
grazing landholding per household recorded was very small and comparable. The mean grazing 
land holding (0.12 ha) per household in the study area was comparable with the reports of 0.13 ha 
in central highlands of Ethiopia (Bayush et al., 2008) and 0.10 ha in Umbulo-Wacho watershed of 
southern Ethiopia (Funte et al., 2010). But, it was smaller than the mean grazing land holding of 
smallholder farmers in Bosana (0.27 ha), Halaba (0.38 ha) and Meta-Robi (1.22 ha) districts 
(Ahmed, 2006; Tsedeke, 2007; Endale, 2015), respectively and higher than in Enset dominated 
mixed farming system (0.073 ha) of Southern Ethiopia (Samuel, 2014). The small grazing 
landholding per household observed in this study is an evidence to conclude that in the mixed 
farming areas smallholder farmers are continuously converting their productive grazing land to 
crop fields regardless of its role in supplying better quality feed for livestock. In line with this, 
Alemayehu (2004) noted that due to continuous conversion of grazing lands to crop fields, the 
current available grazing land is limited to the areas which have no farming potential.  
On the other hand, farm land used for cultivated fodder production in Sinana district was 
significantly larger than the remaining two districts. But when we consider the share of cultivated 
fodder in terms of area coverage out of total farm land it was 7.55, 4.0 and 0.99% in Damot-Gale, 
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Sinana and Ada’a districts, respectively. The relatively higher of cultivated forage from the total 
farm land in Damot-Gale, the district with the smallest total land holding per household, refutes 
the notion that shortage of land is the main barrier to adoption of cultivated forage production. 
This calls for more in-depth research to identify and address barriers to adoption of improved 
forage production and use. Smallholder farmers in Sinana area were reported to grow oat and 
maize fodder for livestock feeding. Accordingly, Dawit et al., (2012) reported experience of 
smallholder farmers in Sinana district who have been growing fodder oat and maize solely for 
livestock feeding purpose. Similarly, in Damot-Gale district sampled households were also 
reported to have established Desho and Elephant grasses on the border of their farm field to serve 
dual purposes i.e. soil conservation and feed source. In accordance with the current findings, study 
by Hassen (2013) showed that only 1.3% of the cultivated land is covered with fodder crops in 
northeast highlands of Ethiopia. 
5.6. Livestock Holding and Major Feed Resources  
Livestock holding of the households was assessed based on ownership of cattle, small ruminants 
and equine. The overall average livestock holding per household (5.86 TLU) found in this study 
was comparable with the findings reported in different districts where small scale crop-livestock 
farming is predominant mode of agricultural activity (Ahmed, 2006; Bedasa, 2012). Contrary to 
this finding, larger mean livestock holding per households was reported in Halaba (Tsedeke, 2007) 
and Meta-Robi (Endale, 2015) districts. Livestock holding per household was also significantly 
different among the surveyed districts and significantly lower (3.04 TLU) and higher (8.63 TLU) 
in Damot-Gale and Ada’a districts, respectively. The smaller livestock holding found in Damot-
Gale district might be associated with limited land holding observed per household in the area. 
The average TLU per household recorded in Damot-Gale district was comparable with the 3.78 
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TLU in Umblo-Wacho watershed of Southern Ethiopia (Funte et al., 2010), but higher than the 1.9 
TLU in Wolayta Zone (Ibsa, 2013). 
The current study identified the major feed resources used by smallholder farmers of the study 
area. The feed sources identified and ranked according to their contribution by respondents include 
crop residues, natural pastures, stubble grazing, cultivated fodders, different non-conventional 
feeds, agro-industrial by products, and hays. Similarly, many earlier studies showed that 
smallholder farmers in the mixed crop-livestock farming areas use feeds obtained from various 
sources (Ahmed, 2006; Dawit et al., 2012; Endale, 2015; Funte et al., 2010; Solomon et al., 2008; 
Solomon et al., 2014). However, the contribution of each types of feed in annual household feed 
supply is fluctuating in line with the season of the year. On the other hand, feed shortage was noted 
as a major constraint for livestock production by the respondents. This is also in accordance with 
many earlier findings which reflected the same scenario in different parts of the country under 
similar farming condition (Bayush et al., 2008; Belay et al., 2012, 2013; Endale, 2015; Solomon 
et al., 2014). The current result also showed that dry season is a critical period of feed scarcity. 
Meanwhile, the study also identified different coping strategies adopted by smallholder farmers to 
feed their animals during feed scarcity. In agreement with the current finding, Belay and Greet 
(2016) and Funte et al. (2010) reported that smallholder farmers have their own experience of 
using various available options to feed their animals when they faced limited feed availability.  
5.7. Uses of Grain Legumes Haulm  
Smallholder farmers of the study area used grain legume haulm for various purposes. However the 
amount of haulm biomass allocated for different alternatives is variable. In the current study, 
smallholder farmers used grain legume haulm predominantly as fodder source than other 
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alternatives. The finding is in agreement with earlier report in the highlands of Ethiopia (Alkhtib 
et al., 2014). Furthermore, haulm refusals from feeding systems have alternatives uses like bio-
fuel, fertilizer and compost making. Additionally, sale of haulm is an alternative source of income 
for the households in the study area. However, the amount of crop residues (including grain legume 
haulm) allocated for other purposes rather than livestock feeding in mixed farming systems is very 
small (Ahmed, 2006; Alkhtib et al., 2014).  
An increasing trend of grain legume haulms use as feed resource was reported by the respondents, 
which is in agreement with the findings of Alkhtib et al. (2014) who reported increasing trends of 
grain legume haulm use as livestock feed by smallholder farmers in the highlands of Ethiopia. As 
indentified in the current study, livestock feed shortage and lack of other options, improved 
awareness on the nutritional advantages of legume haulms than cereal residues and increased 
annual production of grain legume haulms are the main factors contributing for the increasing 
interest of farmers in including grain legume haulms in livestock diet. In support to this idea, 
different scholars (Akinola et al., 2015; Valbuena et al., 2015) described that many interacting 
factors determines farmers’ decision to use crop residues for various alternatives.  
5.8. Household Perception on Effects of Rhizobium Inoculation and Phosphorus 
Fertilizer on Haulm Yield and Quality  
The viewpoint of smallholder farmers on the whole plant yield improvement due to seed 
inoculation and P fertilizer application is very important in order to promote the use of these 
agricultural technologies. According to Marenya et al. (2008); farmers’ perceptions on the impacts 
of fertilizer on crop yields is closely associated with estimated returns to fertilizer applications. 
The same authors concluded that farmers’ perceptions on the impacts of fertilizer are mainly driven 
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by observed yields. The present finding showed that most (62.2%) of the interviewed households 
recognized the impacts of the soil fertility treatments on biomass yield and then on haulm yield of 
grain legumes. They reported that haulm yield of the crops increased with the applications of 
rhizobium inoculants and P fertilizer due to improved vegetative growth of the crops.  
Regarding haulm quality, however the assessment was made by taking into consideration the leaf 
to stem ratio of the haulm and preferences of animals to haulms harvested from plots supplied with 
soil fertility treatments. Most of the respondents (46.7%) did not recognize this, while those who 
responded on the impacts to be either negative or positive accounted for 32.2%. Their lack of 
recognition of the impacts of the inputs in the present assessment was associated with the fact that 
they mixed crop residues of different plots and different crops species together prior to feeding to 
livestock. Moreover, legume crops are highly susceptible to leaf shattering prior or during 
harvesting the crop, and this could have contributed for the lack of proper recognition of actual 










6. CONCLUSION AND RECOMMENDATION 
6.1. Conclusion  
The result of current study showed that the majority of the farming households in the study area 
predominantly use grain legume haulm as feed sources. Similarly, the study revealed that use of 
grain legume haulm as livestock feed by smallholder farmers’ has been steadily increasing over 
the past few years. Increasing trends of grain legume haulm use in livestock feeding appear to be 
associated with factors such as feed shortage and lack of other options, better awareness of their 
nutritional quality and increased annual production of annual grain legumes. Moreover, majority 
of the respondents reported positive effect of rhizobium inoculation and P fertilizer on the haulm 
biomass yield of grain legumes, whereas most of the interviewed farmers were not fully aware of 
the impact of the inputs on the nutritional values of the grain legumes haulm. 
The results obtained from the experiment conducted with the use of four grain legumes (faba bean, 
chickpea, haricot bean and soybean) under application of rhizobium inoculants and P fertilizer 
showed considerable effects of the treatments on yield and quality attributes of the crops. Statistical 
analysis showed significant effect of the soil fertility treatments on grain and haulm DM yield of 
the studied crops, except haulm DM yield of chickpea. Accordingly, more prominent improvement 
of grain and haulm DM yield of faba bean and haricot bean was observed with combined 
application of rhizobium inoculants and P fertilizer (treatment +P+I). On the other hand, the 
significant improvement obtained in grain and haulm DM yield of chickpea and soybean were 
more associated with the application of rhizobium inoculants, although the effect was not 
significant in chickpea haulm DM yield. 
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Faba bean haulm quality parameters such as CP, ME, and IVOMD were significantly increased 
with subsequence decline in NDF, ADF and ADL contents due to the application of rhizobium 
inoculants and P fertilizer. This study also revealed that CP content, ME and IVOMD values of 
chickpea haulm showed significant improvement. However, NDF, ADF and ADL contents of 
chickpea haulm showed a decline due to the application of the inputs; the change observed in cell 
wall components (NDF, ADF and ADL) was not significant. Haricot bean haulm ash, CP, ME and 
IVOMD values were improved whereas the fiber (NDF, ADF and ADL) contents were decreased 
with the application of soil fertility treatments with the maximum mean values in treatment +P+I 
for ash, CP, ME and IVOMD. Response of haricot bean to the treatments in thousand seed weight 
was also highly significant. Grain CP content, ME, IVOMD and amino acid composition of haricot 
bean were significantly improved due to the application of the soil fertility treatments. Effect of 
the treatments was significant in all analyzed soybean haulm quality parameters except the ash 
content and ME value. Soybean haulm showed significant increment in CP and TIVOMD value 
with the application of inoculants, while there was a decline in NDF, ADF and ADL contents. 
Thus, the highest mean value of CP and IVOMD and the lowest cell wall fractions were found in 
soybean haulm harvested from treatment +P+I. Grain ash, CP, ME and IVOMD values as well as 
most essential amino acids composition of soybean were significantly increased with the 
application of rhizobium inoculants over uninoculated treatments. 
In the mixed crop-livestock farming systems of Ethiopia, both grain and haulm of grain legumes 
have significant importance for the livelihood of the farming households. Agronomic practices 
which can improve both grain and haulm attributes obviously foster the benefit of smallholder 
farmers from grain legumes production. The finding of current study indicated the possibility of 
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improving both grain and haulm traits of grain legumes simultaneously through the application of 
rhizobium inoculants and P fertilizer. 
6.2.  Recommendations  
➢ Grain legumes can function as a key integrating factor in intensifying crop-livestock farming 
system through provision of protein in human diet, fodder for livestock and improving soil 
fertility through BNF. Therefore effective rhizobium strains and P fertilizer can be used to 
enhance productivity of these grain legumes in this farming system for improved total crop 
values. 
➢ Improvement obtained on haulm nutritional values due to rhizobium inoculation and P 
fertilizer from laboratory result may need to be further evaluated and verified under animal 
performance trial. 
➢ To improve feed supply from grain legumes haulms, intervention is also important in 
upgrading farmers’ skill on proper/timely harvesting, threshing and conservation. 
➢ In chickpea research, future work should be focused on identification of more effective 
rhizobium strain which has a positive interaction with P fertilizer and which will have a 
potential to improve nutritional value of the grains for human food and incorporate better 
yielding and quality attributes of the haulm.  
➢ Economic feasibility of these soil fertility inputs under smallholder farmers’ condition has to 
be further studied by taking into consideration both grain and haulms uses to come up with 
the information on economic profitability of the technologies. 
➢ Further researches have to be also conducted on screening and identification of variety and 
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8. APPENDIXES 
8.1. Appendix I: Survey Questionnaires 
Name of enumerator: _____________          Date of interview: ________________ 
1. General information  
Region: ____________________             Zone: ________________________ 
Woreda/district: ______________             Kebele/PA: __________________ 
Name of respondent: __________           Sex: ___________  
Age: _________                                      Educational status: ___________  







2. Livestock holding: 




Heifers   






3. Land holding in hectare and use pattern (if local unit used please indicate) 
a. Total land holding_________    
b. Total land cultivated ________ 
c. Land allocated for pulse crops _________ 
d. Land allocated for grazing _________ 
e. Land allocated for cultivated fodders _____ 
4. What are the pulse crops (grain legumes) you are producing currently? _______________ 
_________________________________________________________________________ 
5. Do you use fertilizers on pulse crops (grain legumes)? (Mark with  ) Yes               No 
6. If your answer is yes for question number 5, which fertilizers? _________________ 
7. Do you use inoculants on grain legumes (pulse crops)? (Mark with  )  Yes              No 





9. Your main source of feed for your livestock (with ranking ) 
a. Grazing pasture ____ 
b. Stubble grazing _____ 
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c. Cut-and carry forages _____ 
d. Cereal residues _______ 
e. Legume residues ______ 
f. Hay ___________ 
g. Others (e.g. By products)  ______ 
10. Do you face feed shortages (Mark with)?  Yes              No  
At what time of the year? __________ 
11. How do you cope with the feed shortage __________________________________________ 
12. What is the trend of legume straw use as feed in your case? (Mark with  )       
a. Increasing _____                  c. No change______ 
b. Decreasing _____                 d. No idea  _________ 
13. If your answer is increasing for question number 12, what are the reasons for that?  
a. Increased annual production of straw_____ 
b. Improved awareness on nutritional advantages_____ 
c. Feed shortage and Lack of other options________ 
d. Others (specify)__________________________  
14. Do you apply any treatment and processing on the legume straw before feeding? (Mark with 
 )     Yes                No  
15. List treatment methods used and reasons for treatment.  
No. Method of straw treatment employed Reason for treatment 
1   
2   
3   
16. How legume straw is used for livestock feeding? (Mark with  )       
a. Sole ______                                     c. Mixed with other supplements ____ 
b. Mixed with cereal straws ______      d. Others(specify)___________ 
17. When do you use legume straw for animal feeding? (Mark with  )       
a. Throughout the year__________ 
b. During dry season when feed is a critical problem______ 
c. During wet season as supplement_________ 
99 
 
d. Others (specify) ______________________ 





19. Do you think application of fertilizer (like DAP, NPS) and inoculants on grain legumes can  
affect:  
I.  Straw yield?       Yes                No          
II. Straw quality?   Yes                 No 
20. Do you observe varietal difference in the quality of grain legume residues? Yes          No          
21. What is the effect of fertilizer and inoculants application on yield and quality of grain legume 
straws? (Mark with  ) 
I. Straw yield            a. Increased ____       b. Decreased ____    c. no change_____ 
II. Straw quality       a. Improved ____       b. Decreased ____    c. no change_____ 
8.2. Appendix II: Analysis of Variance 
Appendix Table 1: Mean squares of yield components from combined analysis of variances for faba 
bean grown with application of P fertilizer and inoculants at different locations  







 Trt Trt*Location Error 
Grain yield 4.6082ns 4.4683 0.3963* 0.1691ns 0.1417 2.72 13.81 0.94 
Haulm yield  4.4873ns 7.8316 2.0332* 0.7227ns 0.6005 3.10 24.96 0.85 
Harvest index 0.04797ns 0.0225 0.0026ns 0.0056ns 0.0050 0.45 15.94 0.75 




Appendix Table 2: Mean squares of yield components from combined analysis of variances for 
chickpea grown wit application of P fertilizer and inoculants at different locations  







 Trt Trt*Location Error 
Grain yield 1.1448ns 0.776 1.1991*** 0.1303ns 0.0671 1.82 14.25 0.87 
Haulm yield  12.8744*** 0.857 0.1661ns 0.2648ns 0.1538 2.37 16.58 0.87 
Harvest index 0.2120*** 00047 0.0108* 0.0015ns 0.0053 0.42 17.43 0.72 
#=error for location, Trt=treatment, CV=coefficient of variance, * significant at P<0.05, *** significant at 
P <0.001  
Appendix Table 3: Mean squares of yield components from combined analysis of variances for 
haricot bean grown with application of P fertilizer and inoculants at different locations 







 Trt Trt*Location Error 
Grain yield 1.0220ns 0.6027 0.4240* 0.6040** 0.1820 1.78 23.97 0.70 
Haulm yield  1.0121ns 0.6401 0.4761* 0.4893** 0.1259 1.64 21.68 0.77 
Harvest index 0.05947* 0.0138 0.0165* 0.0123** 0.0040 0.50 12.80 0.75 
#=error for location, Trt=treatment, CV=coefficient of variance, * significant at P<0.05, **significant at P 








Appendix Table 4: Mean squares of yield components from combined analysis of variances for 
soybean grown with application of P fertilizer and inoculants at different locations 







 Trt Trt*Location Error 
Grain yield 3.6782ns 5.2350 2.2177* 0.3055ns 0.6256 2.22 35.68 0.83 
Haulm yield  24.6887* 7.0273 5.2214** 1.0662ns 0.8205 2.69 33.72 0.92 
Harvest index 0.4849* 0.0952 0.0028ns 0.01388ns 0.0112 0.49 21.34 0.93 
#=error for location, Trt=treatment, CV=coefficient of variance, * significant at P<0.05, **significant at P 
<0.01  
Appendix Table 5: Mean squares of haulm quality parameters from combined analysis of variances 
for faba bean grown with application of P fertilizer and inoculants at different locations 





 Trt Trt*Location Error 
Ash  84.2341** 5.2700 2.2889ns 2.3407ns 1.6343 7.50 17.04 0.89 
CP   10.4340ns 4.7372 3.8174* 3.2099* 1.0111 6.15 16.35 0.82 
NDF 918.8577** 68.7145 92.9141* 46.7747ns 22.7075 66.27 7.19 0.88 
ADF 680.4608** 56.1218 87.0134* 36.6246ns 21.9269 60.07 7.79 0.85 
ADL 44.1576** 3.3377 2.4212* 1.0233ns 0.7761 12.80 6.88 0.90 
TIVOMD 203.2856* 28.6328 41.6820* 25.7718ns 13.5973 45.77 8.06 0.79 
ME  4.2747** 0.5554 0.8095* 0.4666ns 0.26473 6.68 7.70 0.79 
#=error for location, Trt=treatment, CP=crude protein, NDF=neutral detergent fiber, ADF=acid detergent 
fiber, ADL=acid detergent lignin, TIVOMD= true in vitro organic matter digestibility, ME=metabolizable 
energy, CV=coefficient of variance, * significant at P<0.05, **significant at P <0.01 
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Appendix Table 6: Mean squares of haulm quality parameters from combined analysis of variances 
for chickpea grown with application of P fertilizer and inoculants at different locations  







 Trt Trt*Location Error 
Ash  23.7478*** 1.9571 0.3269ns 0.3605ns 1.0813 6.75 15.41 0.68 
CP   85.1523*** 2.3615 5.3698*** 0.8754*** 0.2308 3.72 12.91 0.97 
NDF 316.3492*** 14.8292 12.2292ns 4.5195ns 8.6602 62.95 4.67 0.76 
ADF 233.9216*** 11.8850 18.6765ns 5.7758ns 7.4563 50.33 5.42 0.74 
ADL 6.9072** 1.0552 0.2604ns 0.2469ns 0.3495 10.10 5.37 0.71 
IVOMD 81.9712*** 9.4254 24.4540** 6.9809ns 4.9943 46.47 4.81 0.69 
ME  16.9798*** 0.1710 0.6404*** 0.1886* 0.0938 7.16 4.29 0.93 
#=error for location, Trt=treatment, CP=crude protein, NDF=neutral detergent fiber, ADF=acid detergent 
fiber, ADL=acid detergent lignin, IVOMD= true in vitro organic matter digestibility, ME=metabolizable 











Appendix Table 7: Mean squares of haulm quality parameters from combined analysis of variances 
for haricot bean grown with application of P fertilizer and inoculants at different locations 







 Trt Trt*Location Error 
Ash  38.4086*** 3.4411 3.6342* 0.9415ns 1.1239 7.99 13.27 0.83 
CP   68.8187*** 4.6336 7.0343** 3.0893* 1.4380 6.75 17.76 0.89 
NDF 338.2304*** 14.6939 25.6773* 5.6832ns 6.8972 69.13 3.80 0.86 
ADF 227.8739*** 17.5868 28.7064* 6.6110ns 7.4637 56.29 4.83 0.82 
ADL 34.8138*** 1.5289 0.9337ns 0.8170ns 0.6934 8.22 10.13 0.87 
IVOMD 260.0714*** 21.6708 22.0253* 10.4267ns 6.4140 56.52 4.48 0.86 
ME  0.5102** 0.0894 0.1414* 0.0642ns 0.0432 8.63 2.41 0.72 
#=error for location, Trt=treatment, CP=crude protein, NDF=neutral detergent fiber, ADF=acid detergent 
fiber, ADL=acid detergent lignin, IVOMD= true in vitro organic matter digestibility, ME=metabolizable 












Appendix Table 8: Mean square of haulm quality components from combined analysis of variances 
for soybean grown with application of P fertilizer and inoculants at different locations 







 Trt Trt*Location Error 
Ash  8.1864ns 7.5513 0.2448ns 1.0010ns 0.5418 5.89 12.50 0.90 
CP   40.8954ns 13.4625 15.7737*** 2.1611* 0.9475 5.70 17.08 0.94 
NDF 295.0421* 67.4393 15.1102* 2.6702ns 4.9674 75.30 2.96 0.94 
ADF 346.2954* 67.9770 19.7285* 6.1576ns 5.5796 58.05 4.07 0.95 
ADL 23.0519* 6.8126 1.5096** 0.2635ns 0.2233 10.79 4.38 0.97 
IVOMD 57.9556ns 40.2466 7.7819* 5.6867** 1.9412 49.94 2.79 0.94 
ME  1.2595** 0.2338 0.0388ns 0.0548** 0.0182 8.78 1.53 0.95 
#=error for location, Trt=treatment, CP=crude protein, NDF=neutral detergent fiber, ADF=acid detergent 
fiber, ADL=acid detergent lignin, IVOMD= true in vitro organic matter digestibility, ME=metabolizable 












Appendix Table 9: Mean square of grain quality components from combined analysis of variances 
for chickpea grown with application of P fertilizer and inoculants at different locations 







 Trt Trt*Location Error 
TSW 47946.0111*** 1043.2651 106.1950ns 157.2959ns 126.2819 281.53 3.99 0.95 
Ash  0.2475* 0.0527 0.0489ns 0.0460ns 0.0346 3.74 4.97 0.52 
CP   55.1148*** 3.9272 0.6662ns 0.8476ns 0.8830 19.88 4.73 0.82 
ME 0.8491*** 0.0511 0.0063ns 0.0151ns 0.0095 10.48 0.93 0.86 
IVOMD 46.4045*** 3.4912 0.3472ns 0.7819ns 0.5981 71.95 1.07 0.85 
#=error for location, Trt=treatment, TSW=thousand seed weight, CP=crude protein, ME=metabolizable 
energy, IVOMD= true in vitro organic matter digestibility, CV= coefficient of variance, * significant at 
P<0.05, *** significant at P <0.001  
Appendix Table 10: Mean square of grain quality components from combined analysis of variances 
for haricot bean grown with application of P fertilizer and inoculants at different locations 







 Trt Trt*Location Error 
TSW 12286.0973*** 1221.4562 560.1641*** 55.0978ns 68.0507 205.22 4.02 0.96 
Ash  3.0199*** 0.1724 0.0187ns 0.0432ns 0.0219 5.21 2.84 0.94 
CP   515.8332*** 13.5661 4.1885* 3.1167** 0.9927 27.26 3.65 0.98 
ME 2.9347*** 0.0744 0.0410** 0.0177ns 0.0094 11.92 0.81 0.97 
IVOMD 264.8274*** 7.0583 3.1190** 1.5976* 0.6861 82.60 1.00 0.97 
#=error for location, Trt=treatment, TSW=thousand seed weight, CP=crude protein, ME=metabolizable 
energy, IVOMD= true in vitro organic matter digestibility, CV=coefficient of variance, * significant at 
P<0.05, **significant at P <0.01, *** significant at P <0.001  
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Appendix Table 11: Mean square of grain quality components from combined analysis of variances 
for soybean grown with application of P fertilizer and inoculants at different locations 







 Trt Trt*Location Error 
TSW 1614.5769ns 1154.3860 274.2115ns 458.1477** 132.6313 142.76 8.07 0.85 
Ash  0.2465ns 0.3685 0.2258** 0.0856* 0.0361 5.96 3.19 0.85 
CP   33.2874ns 42.5233 42.4015*** 12.8553* 5.1634 41.55 5.47 0.84 
ME 0.7431ns 1.0942 1.2740*** 0.3391* 0.1449 9.88 3.85 0.83 
TIVOMD 45.3636ns 63.8729 71.3065*** 19.6285* 8.2064 76.24 3.76 0.83 
#=error for location, Trt=treatment, TSW=thousand seed weight, CP=crude protein, ME=metabolizable 
energy, IVOMD= true in vitro organic matter digestibility, CV=coefficient of variance, * significant at 






Appendix Table 12: Mean squares of grain essential amino acid parameters from combined analysis of variances for chickpea growth 
with application of P fertilizer and inoculants at different locations 
Source of 
variations 
Cys  Hist  Isol  Leu  Lys   Methi Phen  Threo  Tryp  Tyro Val Total 
Amino acid 
Location   0.0049***  0.0325*** 0.0293**  0.1719***  0.0203ns  0.0051***  0.0852***  0.0375***  0.0050**  0.0173**  0.0787***  23.2279*** 
Error#    0.0003  0.0009 0.0045  0.0053  0.0070  0.0002  0.0063  0.0022  0.0005  0.0019  0.0069  1.7930 
Trt    0.0001  0.0002 0.0008  0.0010  0.0012  0.00016  0.0007  0.0005  0.0001  0.0008  0.0013  0.3487 
Trt*Location    0.0001  0.0003 0.0008  0.0036  0.0021  0.00017  0.0022  0.0004  0.00003  0.0005 0.0008 0.4093 
Error   0.0001  0.0004 0.0011  0.0021  0.0021  0.00008  0.0014  0.0007  0.0002  0.0006 0.0014  0.3920 
Mean   0.31  0.78 0.66  1.69  1.27  0.18  1.01  0.72  0.18  0.53  0.71  17.46 
CV (%)  3.55  2.52 4.91  2.72  3.63  5.097  3.73  3.66  7.32  4.58  5.26  3.58 
R2  0.73  0.83 0.74  0.82  0.63  0.79  0.81  0.78  0.70  0.72  0.81  0.81 
#=error for location, Cyst= cystine, Hist= histidine, Isol- isoleucine, Leu= leucine, Lys= lysine, Methi= methionine, Phen= phenylalanine, Threo= 
threonine, Tryp= tryptophane, Tyro= tyrosine, Val= Valine, Trt=treatment, CV=coefficient of variance, **significant at P <0.01, *** significant at 






Appendix Table 13: Mean square of grain essential amino acid parameters from combined analysis of variances for haricot bean grown 
with application of P fertilizer and inoculants at different locations 
Source of 
variations 
Cys  Hist  Isol  Leu  Lys   Methi Phen  Threo  Tryp  Tyro Val Total 
Amino acid 






 0.39524***  0.06297**
* 
 0.35764***  0.78966*** 282.0206*** 
Error#  0.00065  0.00327  0.01797  0.03415  0.01407  0.00142  0.03195  0.0096  0.00163  0.01016  0.02138  7.10834 
Trt   0.00044*  0.00188**  0.00585*  0.01819**  0.00273  0.00045*  0.00816*  0.00408*  0.00066*  0.00275*  0.00812**  3.1479** 
Trt*Locati
on  
 0.00022  0.00088*  0.0060**  0.00970  0.00513  0.00056**  0.0075**  0.00368**  0.00050**  0.00301***  0.00536**  2.1219** 
Error   0.00014  0.00042  0.00171  0.00423  0.00268  0.00015  0.00265  0.00106  0.00016  0.00078  0.00162  0.61436 
Mean   0.40  0.932  0.84  1.93  1.53  0.25  1.34  0.93  0.26  0.67  1.07  22.66 
CV (%)  3.03  2.19  4.94  3.37  3.38  4.87  3.84  3.49  4.88  4.17  3.76  3.46 
R2  0.96  0.97  0.97  0.97  0.96  0.97  0.98  0.97  0.97  0.98  0.98  0.98 
#=error for location, Cyst= cystine, Hist= histidine, Isol- isoleucine, Leu= leucine, Lys= lysine, Methi= methionine, Phen= phenylalanine, Threo= 
threonine, Tryp= tryptophane, Tyro= tyrosine, Val= Valine, Trt=treatment, CV=coefficient of variance, * significant at P<0.05, **significant at P 






Appendix Table 14: Mean squares of grain essential amino acid parameters from combined analysis of variances for soybean grown with 
application of P fertilizer and inoculants at different locations 
Source of 
variations 
Cys  Hist  Isol  Leu  Lys   Methi Phen  Threo  Tryp  Tyro Val Total 
Amino acid 
Location   0.00321  0.03097  0.0695  0.2174  0.06018  0.00552  0.0967  0.0367  0.00606  0.05351  0.09531  33.53609 
Error #   0.00451  0.02834  0.07473  0.16934  0.09084  0.00671  0.11401  0.05740  0.00859  0.044174  0.10918  40.47175 








 0.006026***  0.13743***  0.05626***  0.00719***  0.04777**
* 
 0.09530***  46.44101**
* 
Trt*Location   0.00099*  0.00888*  0.02393  0.06406*  0.0219  0.00224*  0.03702*  0.01563*  0.00215  0.01402*  0.02912*  12.48576* 
Error   0.00042  0.00355  0.00927  0.02484  0.01106  0.00086  0.01504  0.00625*  0.00084  0.00549  0.01166  5.0776 
Mean   0.50  1.03  1.64  2.76  2.10  0.38  1.88  1.39  0.46  1.33  1.77  35.11 
CV (%)  4.07  5.77  5.86  5.71  5.01  7.56  6.53  5.68  6.31  5.57  6.09  6.42 
R2  0.86  0.85  0.84  0.84  0.83  0.83  0.84  0.84  0.86  0.85  0.85  0.84 
#=error for location, Cyst= cystine, Hist= histidine, Isol- isoleucine, Leu= leucine, Lys= lysine, Methi= methionine, Phen= phenylalanine, Threo= 
threonine, Tryp= tryptophane, Tyro= tyrosine, Val= Valine, Trt=treatment, CV=coefficient of variance, * significant at P<0.05, **significant at P 
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